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INFLUENCE OF ARTERIAL DISEASE ON THE SYSTOLIC 
BLOOD PRESSURE GRADIENTS OF THE EXTREMITY 


By Travis Winsor, M.D. 
LOS ANGELES, CALIFORNIA 


From the Department of Medicine, University of Southern California Medical School, and the 


Nash Cardiovascular Foundation 


lie proper diagnosis and treatment of 
many patients with peripheral arterial 
disease depend upon knowledge of the 
and extent of an 
irterial obstructing lesion. A partial ob- 


presence, location 
struction of the arterial system results 
in a loss of energy which reflects itself 
is a pressure drop below an obstructed 
site. This pressure drop depends. pri- 
marily upon the rate of blood flow and 
the cross sectional area of the stenosed 
rterv at the site of the obstruction. It 
as felt that systolic pressures at var- 
us points on an extremity would give 
n insight into the presence, location 
ud degree of arterial occlusion. It is the 
purpose of this report to describe a 
plethvsmographic method of recording 
stolic blood pressures at various sites 
on an extremity and to describe the 
viations of these blood pressures 
m normal among patients with var- 
ious peripheral vascular disease states. 


Methods and Materials. The systolic ar- 

il pressure was determined using the Cam- 

dge pneumo-plethysmograph.' digital cup 
sealed to the right or left second toe and right 

ft index finger using a non-constricting sealing 
terial? A ribbed-type blood pressure cuff was 
la ‘ened, successively, to the thigh adjacent to the 
( ch, above the knee, below the knee, and at the 


Hospital of the Good Samaritan) 


ankle.  non-ribbed type sphygmomanometer 
cuff was wrapped around the foot in selected cases. 
The pressure within the occluding cuff was re- 
corded using a mercury manometer. Blood pres- 
sure was determined from any site by inflating the 
cuff with sufficient air to obliterate the pulsation of 
the digit, as detected by the pneumo-plethysmo- 
graph. The air escape valve of the blood pressure 
cuff was cracked and the pressure within the cuff 
gradually reduced. The pressure in the manom- 
eter was noted when digital swelling began as sig- 
naled by an abrupt drift of the plethysmographic 
string. The end point was clearly defined among 
patients who did not show a high degree of vaso- 
constriction. All determinations were made with 
subjects dressed in a hospital gown, resting on a 
horizontal bed, covered with light wool blanket 
Determinations were made after a 60-minute rest 
at a room temperature of 25° C. + 1.5. The blood 
pressures from the 5 sites of the lower extremities 
and comparable points on the upper extremities, 
were determined in 10 normal individuals and 25 
patients with arterial disease. The diseased group 
included patients with arteriosclerosis obliterans, 
thromboangiitis obliterans, arterial embolism and 
periarteritis nodosa. 


Results. 1. ComMPparisoN OF THE 
PLETHYSMOGRAPHIC AND AUSCULTATORY 
TECHNIQUES FOR RECORDING SYSTOLIC 
ARTERIAL BLoop Pressures. The rela- 
tionship between the antecubital sys- 
tolic pressures obtained using the aus- 
cultatory technique and the plethysmo- 
graphic technique is shown in Fig. 1. 
Twenty-five determinations were made 
on a total of 6 normal individuals and 
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Fic. 1.—The relationship between systolic antecubital arterial blood pressures, using th 
auscultatory plethysmographic methods 
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Fic. 2.—Normal blood pressure gradients of the upper and lower extremities. 
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6 patients with arteriosclerotic obliter- 
itive disease. There was a mean dilfer- 
ence between the 2 methods of 1.2 
um. Hyg. The greatest difference was 
50 mm. The coetficient of correlation 
was 0.997. The correlation was good at 
high, medium and low pressures. 

2. BLoop Pressure GRADIENTS HiGHEer 
iN THE Lower EXTREMITIES THAN IN 
me Upper Exrremiry (NORMAL). 
blood pressure gradients were studied 
in one upper extremity and both lower 
extremities in 10 normal individuals 

Fig. 2). Six males and 4 females were 
studied. The average was 24 years 

range IS to 30). In all instances the 
blood pressures were higher on all 
points of the lower extremity than on 
comparable points of the upper’. The 
pressures at the thigh and axilla were 
highest and decreased toward the pe- 
riphery. The mean values for right and 
lower extremities for the thigh, 
above the knee, below the knee, ankle 
ind foot were 143, 130, 119, 111, and 94. 
the pressures between these points dif- 
tered by 13, 11. 8, and 17 mm. Hg. re- 
spectively. The pressure drop 
thigh to foot was dies mm. Hg. and from 
thigh to ankle 
the upper extremity at the axilla, above 


2mm. The pressures of 


the elbow, below the elbow, at the 
rist and palm were 121, 118, 114, 105 
ud 92 mm. of mercury. The differences 
ceteen these pressures beginning at the 
villa, were 3, 4, 9, and 13 mm. respec- 
vely. The pressure drop from axilla to 
im was 29 mm. and from axilla to 
rist 16 mm. The pressure at the thigh 
is 22 mm. Hg. higher than at the 
illa. That above the knee was 12 mm. 
ove the measurement above the 
bow. The pressure below the knee 
is 5 mm. above that below the elbow 
d that at the ankle as 6 mm. above 
pressure at wrist. The pressure of 
foot was 2 mm. above the palm. 
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The blood pressure index at any point 
blood pressure of lower extremity 
stances greater than 1. 
3. GRADIENTS OF 
Lowek Exrremiries BeLow THOSE OF 
Upper Exrremiry. Gradients of this 
type were encountered 24% of pa- 
tients with arterial disease in this study. 
In all instances arteriosclerosis obliter- 
ans Which involved the lower portion 
of the aorta and iliac arteries was pres- 
ent. The Leriche syndrome* was pres- 
ent in all patients. Fig. 3 shows the 
blood pressure gradients of a 39-year 
old male who compla tined, for the past 
t vears, of “tiredness” of the thighs and 
calves on wi alking one block. The blood 
pressure gradients of the lower extrem- 
ities were lower than those of the upper 
extremity. The pressure at the axilla 
was 125, at the left thigh 112, and at 
the right thigh 100 mm. Hg. The pres- 
sure drops from thighs to below the 
knees were greater than normal and 
the drops from below the knees to the 
feet were less than normal. These grad- 
ients were interpreted as indicating ob- 
struction of the aorta, iliac, femoral and 
popliteal arteries. Roentgenograms of 
the lumbar region showed calcification 
of the lower portion of the aorta and 
iliac arteries with definite narrowing at 
at the bifurcation of the aorta. Aus- 
cultation of the abdomen, below the 
umbilicus, revealed a Grade III systolic 
murmur but no thrill. No cardiac mur- 
murs were present. Femoral arterial 
pulsations were questionable. No pulsa- 
tions could be felt in the popliteal, pos- 
terior tibial or dorsalis pedis arteries. 
No tissue changes were evident in the 
feet. During a lumbar sympathectomy 
the aorta and right iliac arteries were 
palpated and found to be firm, small 
and non-pulsating. thrill was felt 
along the lower portion of the aorta 
and left iliac artery. A needle was 
placed into the aorta and a trickle of 
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blood under low pressure Was aspi- 
rated. 


4. BLoop PRESSURE GRADIENTS LOWER 
IN ONE Lower EXTREMITY THAN IN 
THE Upper Extremity. This occurred 
in 24% of patients with arterial 
this series. A typical case 
is shown in Fig. 4. The blood pres- 
sure at the right thigh was 150, at the 
axilla 140 and at the left thigh 133 mm. 
Hg. The pressure drop from the left 
thigh to below the left knee was greater 
than normal. These findings were inter- 
preted to indicate the presence of an 
obstructing lesion of the left iliac, 
femoral and popliteal arteries. The pa- 
tient, a 45-year old male, sustained 
gunshot wound in the popliteal region 
30 vears ago. 


disease in 


\ This was followed by an 
A-V fistula, surgical repair, and subse- 
quent popliteal and femoral arterial 
thrombosis. Examination revealed nor- 
mal pulsations of the right femoral, 
popliteal, posterior tibial and dorsalis 
pedis arteries. On the left, the pulsa- 
tions of these arteries could not be de- 
tected. A large, firm, non-pulsating mass 
was felt in the left popliteal region. 
During a left lumbar sympathectomy 
the left di ic artery was noted to be firm 
and non-pulsating. No blood could be 
aspirated from the distal portion of this 
artery. 

5. BLoop PREssuRES OF ANKLES 
BELOW THOSE OF Wrist 
WitH THIGH-AXILLARY RELATIONSHIP 
(NorMAL ). This distribution of arterial 
disease occurred 20% of patients in 
The gradients in Fig. 5 are 
the findings of a 63-vear old diabetic 
female who entered because of increas- 
ing pain in the right ankle of 3 days’ 
duration. The blood pressure at the 
hand was 120, while those of the left 
and right feet were 54 and 40 mm. Hg. 
respectively. The blood pressures of the 
lower extremities were essentially nor- 
mal at the level of the thigh, above the 
knee and below the knee with a sharp 
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this series. 


GRADIENTS OF THE ENTREMIETY 
drop of the pressures at the ankles and 
feet. 


as indicating the 


These findings were interpreted 


presence of obstruc 
tive lesions involving the tibial and, o 


perone al bilaterally. Tempera 


ture 102 The right ankle and foot 
were red, and swollen. Moderate 
pulsations of the femoral and poplitea! 


tibial 
and dorsalis pedis pulsations were ab 
bilaterally. 
temperature and ascending cellulitis of 


arteries were present. Posterior 


sent Because of arising 
the right leg, a right supracondylar am 
putation was performed. Free bleeding 
from the proximal 
during the 
Dissection of the 


arteries was en 


countered surgical proce 
arteries of the 
amputated limb revealed high grad 


obstruction of the 


dure. 


distal portions ot 
the tibial and peroneal arteries as 
result of atheromatous and calcific 
plaques. 
Discussion. The systolic gue pres 


sure was easily determined at various 
points on an extremity by the plethys 
mographic method, and the results cor 
related well 


method 


with the  auscultator 
checked at the ant 


pressure 


when 
The 
corded from the 
first detectable increase in 
the digit is the approximate 
under the 


brachium. which is 
occluding cuff at. the 
volume of 
arteria 
pressure occluding cull re 
gardless of its position on the extremit 
The swelling of the digit is merely 

time whe 
the pressure within the artery has jus 
overcome. the 
cluding cuff. The relationship betwe« 
the width of the cuff and the volume « 
the part is important in determini: 
the blood oceludi: 
method such as this. Attempts to mea 
ure the blood a part 

small as a digit demonstrated the vari 
tion in the pressure obtained depen 
ing upon the width of the cuff en 
ployed. In order to reduce the nu 


ber of variables in these experiments 


signal which announces the 


pressure within the o 


pressure bv an 


pressure of 
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Blood pressure gradients of the upper and lower extremities in a patient with chronic 


irteriosclerotic obliterative disease of the lower portion of the aorta and iliac arteries. 
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1.—Pressure gradients from a patient with thrombosis and obstruction of the left iliac, 
femoral, and popliteal arteries. 
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gradients and their variations in differ 
ent disease states made possible the 


selection of a group of curves ty pical of 
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various conditions (Figs. 2 to 5 and 9) 
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Pressure gradients in the upper and lower extremities of a patient with arteriosclerosis 
obliterans of the distal portions of the tibial and peroneal arteries bilaterally. 


Fic. 6.—Schematic representation of the method of measuring blood pressure’ using | 
pneumo-plethysmograph (see text for explanation). 
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Schematic diagram showing a pressure drop as a result of fluid flow 


Determination of approximate size of an obstruction in the arterial system of the 
\ normal blood pressure gradient is shown by the line A-B- 
shown by the line A-D-E-F-G. A represents the blood pressure taken at the 


ower extremity 


IS 


(see text for explanation). 


through a vessel 


C. An abnormal 


D—above the knee, E—below the knee, F—at the ankle and G—at the foot. 


Valves B&C closed 


Valve C “closed 


Kormal 


Pressure Win. of 9. 


~ 
~ 


\ 
Valve A partial, 


B E 
te. 100 140 


L Om. from heart 


\ theoretic family of blood pressure gradients which were derived from the 


possibilities depicted in Figure 6 (see text for explanation). 
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An obstructing lesion below the thigh, 
knee, calf, or ankle resulted in a marked 
pressure drop just beyond the ob- 
structed site. Among normal individuals 
the pressures in the lower extremities 
were higher at all points than those in 
the upper. Aortic obstruction was char- 
acterized by blood pressures which 
were lower in the lower extremities 
than in the upper extremity at all com- 
parable points. Obstruction of an iliac 
artery showed pressures which were 
lower at all points on the obstructed 
side than on the unobstructed side. The 
pressures on the obstructed limb were 
below those of the upper extremity while 
the pressures of the unobstructed limb 
were above those of the upper extrem- 
ity. Femoral arterial obstruction pro- 
duced normal or slightly elevated pres- 
sures at the thigh and lower pressures 
above the knee on the diseased side. 
The gradient from this point to the pe- 
riphery tended to be flat. Popliteal 
arterial obstruction was characterized 
by normal or slightly elevated pressures 
at the thigh and above the knee with a 
high degree pressure drop below. the 
knee. From this point to the foot the 
pressure drop was slight. Tibial and 
peroneal obstruction was characterized 
by relatively normal pressures at the 
thigh, above the knee and below the 
knee. The pressure drop from below 
the knee to the ankle was great. With 
extensive arterial disease resulting from 
stenosis of a long segment of the arte- 
rial system, the pressure drop from thigh 
to foot was great. With intermittent 
vasospasm the pressures often varied 
rapidly, giving a saw-toothed gradient. 
In the presence of diminished blood 
flow due to any cause, the pressure 
drop between points was diminished. 
With hypertension, the pressure at the 
thigh was high and the pressure drop 
between points was great. Decrease of 
the pressure in one leg usually in- 
dicated disease on that side: however. 


in a patient with multiple congenita 
arteriovenous fistulae on the left. sick 
the pressures on the left extremity aver 
aged 20 mm. Hg. higher at all points 
than on the right. 

The changes in pressure at the var 
ious sites can be analyzed employing 
Bernoulli's principle. Differences ir 
pressure may result from a shunting of 
blood from artery to vein, from differ 
ences in size in arteries. from. turbu 
lences set up because of differences of 
anatomic structures, differences 
in flow rates which come about becaus: 
of obstruction of the vessel. and other 
factors. 

Measurements of the blood pressure 
of the lower extremities at the abov 
mentioned sites may reflect the hydro 
static pressure which exists between 
the heart and the occluding cuff and 
probably does not represent the exact 
pressure which exists in the arterial! 
system when an occluding cuff is not in 
place. Thus, there mav be differences 
in the values obtained between an 
occluding method where end pressur 
is measured and a direct method wher 
intraluminal pressures are measured, 

In these experiments the blood pres 
sure gradients were recorded with th 
subject in the supine position. The bed 
Was maintained in a horizontal position 
as checked with a level. Deviations 
from the horizontal caused changes in 
the pressure gradients which could |» 
accounted for on the basis of gravity and 
reflex vasoconstriction. When the foot 
of the bed was depressed slightly t! 
differences in blood pressure at the \ 
ious points on the extremities could 
ordinarily be accounted for on the bacis 
of gravity. With the patient in the vi r- 
tical position gravity alone could » 0 
explain the altered pressures wh) h 
probably resulted in large part fr 
arteriolar constriction. Such vasomc ir 
reflexes probably serve as check va! os 
which tend to prevent undue press 
on the frail walls of the capillary be 
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Mathematical Considerations: Technique of 
asuring pressures*. The fluid pressure at any 
woint in the leg from the thigh to the foot is meas- 
red by placing a cuff at a point such as Ps (Fig. 6) 
nd increasing the pressure until the flow is stopped 

i theartery below the cuff. The pressure is slowly 
eleased until the indicator (plethysmographic 
ring shadow) shows a deflection and, at this time, 
he cuff pressure is recorded. Such a reading is 
taken as if Valve B were closed and Valve A par- 
ally open The blood pressure within the toe will 
he sufficient to cause a swelling of the toe resulting 
na movement of the indicator. With Valve B 
osed the flow Q) must be therefore, “assuln- 
ng P, is constant, the resultant drop in flow of Q» 


causes the friction loss to be less than normal. 


Phus, pressure recorded at Ps must be slightly 
higher than the result obtained by a direct meas- 
urement 

Blood pressure readings at the arm remain con- 
stant before and after tourniquets are applied first 
to one thigh, then to both thighs. This test shows 
that the pressure at P) will remain constant even 
when the circulation as represented by Q) is re- 
duced or completely shut off. The error first men- 
tioned, due to change in flow conditions, is offset 
ty the error due to elastic forces of the vessels and 
tissues so that pressure readings by an occluding 
method should give a pressure gradient very close 
to the true pressures obtained by a direet method. 


\ cross-sectional area of artery or vein 
d diameter of artery, vein or orifice 
f friction factor for pipes 
g acceleration of gravity — 980 

HH total effective head 

h anv head 

hf head lost in friction 
h a differential head 

IN any constant 

I length of artery or vein 
n any abstract number 

pressure 

© rate of discharge 

R Reynolds number 


mean velocity of blood 
kinematic viscosity (Nu) 


Vormal friction Losses. Ina normal person the 
pressure drop, (P,-P.) (Fig. 7) for a given length, 
L., of an artery or vein of a diameter, d, will be due 

friction loss. In general the flow in an artery 

ll be laminar or viscous. If this condition is true, 

e loss, hy, will be due to fluid shear stress and the 

ctional loss will be independent of the roughness 

the artery wall 

The loss due to laminar flow can be shown to be 

gd 

Frictional loss due to turbulence is possible 

some of the larger arteries, in which case 


fLV*. is dimensionless and its value 


d 2g 


pends on the roughness of the artery. 
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If the blood velocity and diameter of the vessel 
are known, it is possible to determine whether or 
not the flow is laminar or turbulent by Reynolds 
Number, Ry. Re Vd. If Reynolds 

v 
Number is over 2000 the flow is probably turbu- 
lent. In the aorta the velocity is about 40 em. /sec. 
x 2 
2 
Thus, the flow in this portion of the circulatory 
system may be turbulent. 

Assuming that the velocity in the artery of a 

normal person from above to below the knee is 


and the diameterabout 2em. Re 4000. 


100 em. sec., L 20 cm., d 3 mm., then 
R, 1500. Therefore the flow is lami- 
.O2 
32 «.02 x 20 « 100 
narand vl Z 10 14.4em., 
980 .09 


or hg is about 10mm. Hg, which has been found to 
be about a normal gradient. 

Determination of the Size of an Obstruction. For 
a normal person the pressure gradient in the leg is 
represented by the gradient A-B-C, (Fig. 8). An 
abnormal leg is represented by A-D-E-F-G. The 
steep drop D-E cannot be explained by normal 
friction loss and is probably caused by an obstruc- 
tion. It is possible to make an estimate of the ori- 
fice diameter. Tt can be shown that the velocity 


cm 
dimensionless 
cm/sec? 

cm of blood 
cm of blood 
cm of blood 
cm of blood 


cm 


mm of Hg 
cm/sec 
dimensionless 
cm/sec 
cm/sec 


through an orifice is V 0.65 x (2g A h)}, pro- 
vided the ratio of orifice diameter to artery 
diameter is less than 0.4. Using values from 
Fig. 8:V = 0.65 (2 980 & 63)) = 230m. sec. 

We now know the velocity through the orifice, 
but to find the diameter we must ascertain the ve- 
locity in section E-F. As the drop is less than 
normal, we can use the friction loss relation for 
laminar flow assuming d 2mm. 


hrg 5.6 980 .04 
32 x .02 20 
Thus, the velocity in section E-F is 17.2 em. 'see. 


* we can find the orifice di- 


17.2 em. see. 


By the relation 
ameter or d? 008 or d, = .055em., or 
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the orifice diameter in the obstruction is about 0.5 
mm 


Interpretation of Typical Curves. Two funda- 
mental relations apply to the flow as indicated in 
Fig. 6. First, the flow, Q:, through A-B must al- 
ways equal the sum of the flow, Q., through B-D 


and the flow, Qs, through B-C-D. Second, the 
head loss through B-D equals that through 
B-C-D. In this particular problem, we assume 


that the 
constant 
The loss of head in any section may be written 


asQ 


total head available, P,-P.. is 


always 


hy iN or\ 


\ Aandas we can 


assume the cross sectional area, A, of the 
veins as constant, it follows oe Q KY (h 
KJ (he)4, Q (hs)} but h hy and 
P, —P, =H =h, +h 4 
If valve A is partially closed and the other valves 
then KY becomes smaller. In order to 
satisfy relations 7 and 2 hy and Qe must then be- 
larger while hy and Q; will be smaller 
In the same manner, an analysis of the flow con- 
ditions can be made with other combinations of 
closed or partially closed valves. Fig. 9 graphic 
ally shows some of the possible combinations 


are open, 


come 


Summary. Systolic arterial pressure 
gradients of the upper and lower ex- 
tremities were studied in normal indi- 
viduals and patients with organic occlu- 
sive arterial disease. 

Differences in gradients were deter- 
mined normal and abnormal 
individuals. Normal individuals showed 
a thigh to toe pressure drop of 49 mm. 
Hg. with a groin to knee, knee to calf. 


among 


PRESSURE 


artery or 


GRADIENTS OF THE EXTREMITY 

In the presence of arterial obstruc 
tion, of either an organic or spastic na 
ture, there was a marked pressure dro} 
distal to the site of the obstructioi 
amounting to as much as 50 or 60 mm 
Hg. The position of the pressure droy 

1 the curve indicated the approximat 
in of the obstructing lesion. 

In the presence of extensive arteria! 
artery and 
distal arterial segments, the thigh pres 


disease involving the iliac 


on the diseased sid 
and the thigh 
to foot pressure drop was greater than 


sure Was lower 


than on the intact side 
normal. With disease of the iliac artery 
the thigh pressure was low; however 
the thigh to foot drop was somewhat 
Hat. Disease of the femoral artery pro 
duced a marked pressure drop detected 


the knee. 


struction produced a blood pressure 


above Popliteal arterial ob 


drop which was marked below thi 
knee. 
duced a_ pressure 
marked at the ankle. 

Intermittent 
variations of pressures which gave a 


Tibial-peroneal obstruction pro 
drop which was 


vasospasm produced 


peaked type of gradient. Diminished 


flow was characterized by a diminished 


calf to ankle, ankle to foot falls averag- increment of between blood 


ing 12.5 mm. Hg. 


pressure 


pressure points. 
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fHE TREATMENT OF ANGINA PECTORIS WITH A PREPARATION OF 
KHELLIN (AMMI VISNAGA)® 


By Cuarces A. Armbrust, JR., M.D. 
RESEARCH FELLOW AND ASSISTANT IN MEDICINE 


AND 


SAMUEL A. 


Levine, M.D. 


CLINICAL PROFESSOR OF MEDICINE 
HOUSTON, TEXAS, AND BOSTON, MASSACHUSETTS 


From the Medical Clinic of the Peter Bent Brigham Hospital and the 


Department of Medicine, 


(2-methyl-5, 8-dimethoxy- 
furanochromone ) is one of the 3 active 
crvstalline substances that has been 
isolated) from the fruit of Ammi 
Visnaga, a plant which grows wild 
in the eastern Mediterranean coun- 
tries. In 1932. Samaan!® studied 
the pharmacological action of — this 
principle and found that it caused 
relaxation of all smooth muscle by its 
direct action on the muscle fibers. 
\nrep et al.' investigated the coronary 
dilating effect of khellin in the heart- 
lung preparation and in the intact 
inimal. They observed that with con- 
centrations of 1 in 200,000 the coronary 
blood flow increased 3 to 4 times. No 
effect on the systemic blood pressure 
was noted unless the drug was injected 
very rapidly, and the fall that did occur 
was only transient. In their opinion, 
the drug had a selective action on the 
coronary vessels and a more prolonged 
iction than that of the nitrites. Khellin 
is rapidly absorbed after intramuscular 
injection, reaching its maximum = con- 
centration in the blood stream in about 
> minutes and remaining there for 
is long as 24 hours to 5 days. Absorp- 
tion from the alimentary tract is also 


* This study was aided by a grant from the 


lelphia, Pa 


Harvard Medical School) 


relatively rapid, the peak level being 
obtained in 10 to .30 minutes. After 
absorption the drug is distributed 
throughout all tissues and its disap- 
pearance is slow®. Due to this long 
retention of the drug in the blood and 
tissues a cumulative effect occurs. 

In 1945, Kenawy and Barsoum* first 
reported the use of khellin in the treat- 
ment of angina pectoris®. They treated 
7 cases and thought that re ‘sults were 
promising. Anrep et al.! used the drug 
in 38 cases of angina pectoris with 
improve ment in 35 and Avad* reported 
83% improvement in 23 cases. The larg- 
est clinical study to date has been 
the report of 250 cases of angina 
pectoris by Anrep et al? in 1949. 
Ninety per cent of these 250 showed 
improvement. In view of such encour- 
aging results, it was thought that fur- 
ther study of the effect of khellin in 
angina pectoris was desirable. 

Material and Methods. Fifty-three patients 
with a classical history of angina pectoris 


were studied. The patients were divided into 
2 groups. Group 1 consisted of 28 patients 
studied in the Out-Patient Clinic of the Peter 
Bent Brigham Hospital. There were 17 
males and 11 females, varving in age from 
44 to 77 vears with an average age of 60 


Smith, Kline & French Laboratories, Phila- 


* In almost all reports, “Khellin” has been used to designate a mixture consisting of 70-80% 
Khellin and 20-30% visnagin (2-methyl-5-methoxyfuranochromone) which is said to have about 
i0% the biological activity of pure Khellin*; it will be so used in this paper. 
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vears. The duration of the angina pectoris 


varied from 2 months to 16 years, and was 
than vears in 16 patients. Seven 
had) what mild 
angina pectoris (seven or fewer episodes of 
pain per week L7 moderately severe (up 
to 30 episodes of pain per week with occa- 
sional attacks at rest), and 4 patients had 


severe 


greate! 


patients was regarded as 


angina pectoris (as many as 150 epi- 
sodes per week with numerous spells at rest). 
We are aware that this is a purely arbitrary 
classification and that there is no simple way 
of grading the severity or seriousness of 
All patients received a routine phys 
ical examination, Roentgenograms of the chest 
and electrocardiograms consisting of the 3 
limb 3 augmented unipolar 
limb leads and 6 precordial leads (V). Eight 
patients had normal electrocardiograms, 13 
showed the pattern of left ventricular hyper 
trophy (3 of these in addition had evidenc« 
of an old myocardial infarction), 1 showed 
incomplete right bundle block, and 
2 had left bund Nineteen 
patients had an test as 
described by 
started 


as positive, tt 


angina 


standard leads, 


branc h 
block 


tolerance 


branch 
exercise 
Master® before therapy was 
Thirteen of these taken 

electrocardiographic changes 
SIX patients had the test re- 
peated after a course of treatment; the results 
are considered later. Twentv-four patients 
were observed for periods of from 1 to 8 
months. Four were studied for 3 weeks or 
less because of their refusal to continue treat- 
ment. During the time of observation § thx 
patients maintained alternately on 
periods of khellin medication and of placebo 
medication, each from 3 to 10 weeks in dura- 
tion. Neither the individual under study nor 
the observers knew whether the preparation 
being used was placebo or khellin. Early 
in the study the placebos and _ the drug 
were not identical in appearance but at some 


tests were 


were prese nt 


were 


time during the subsequent observations all 
patients placebos identical to 
khellin in all appearances. The patients were 
seen at intervals of 1 to 3 weeks during the 
entire period of observation. 

Group 2 consisted of 25 cases treated in 
the office practice of one of us (S. A. L.) 


for periods of 7 days to 2 weeks. There were 


eive d 


19 males and 6 females, varving in age from 


studies, is 
Khellin equivalent) 252. 
*° In most earlier reports the 


TREATMENT OF 


44 to 76 years, with an average age of 57 


ANGINA PECTORIS 


vears. The duration of the angina pectoris 
varied from 1 to 14 vears. No exercise tolet 
ance tests were performed and no placebos 
were used. 

Each patient of both groups ke pt a written 
record of the number of nitroglycerin tablets 
used and the number of anginal attacks per 
week while They 


under observation 


wert 
encouraged to carry on their ordinary actis 
ities. Khellin was administered by mouth 
to each patient, (in the form of “Eskel 
tablets®, 40 mgs. t.id.)®°® after meals o1 
with meals. In som patients the dose was 


increased to 4 times daily or decreased to 


once or twice daily depending on whether 
or not side effects developed 


TABLE 1.) RESULTS OF KITELLIN 
THERAPY 
Result 
Nererity of Definite Slight Vi 
{ngina Pectoris im prove rm prove rm prove 
(rroup*1 ment ment ment 
Mild l 
Moderate ) 7 
Severe 2 2 
Vo 
um prove 
Group 2? In proveme ni ment 
13 12 
Total 29 24 
Results of Treatment. Khellin was 


judged to be of definite value when 
the 
pectoris or the number of nitroglycerin 


number of episodes of angina 
tablets used per week was 50% or less 
than when on placebo therapy, of slight 
value when the 


slightly less than when on placebo 


number was only 
treatment, and of no value when the 
placebo effect was equal to or bette: 
than the drug results. The results are 
summarized in Table 1 and the details 
of the individual cases in Table 2. It 
may be seen that improvement was 


* Supplied by Smith, Kline & French Laboratories. This product, like those used in previous 
a mixture consisting approximately of Khellin 75% and visnagin (when assayed as 


dosage is given in 50 mg. units. It should be noted, however 
that at that time the Khellin and Khellin equivalent (visnagin) were estimated bv inexact 
calorimetric methods; more precise assays, by recently developed methods, indicate that the 
“50 mg.” tablets actually contain 40 mg. of active principle, 
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DATA ON INDIVIDUAL CASES 


From Hosprtat Patient 


frer. Nitrogly 
Tablets per week 
Durat Severity 
fngina Before Placebo — Khellin Patients 
Pector Peetort Ra Re Ra Impression 
Attacks milder 
( \l yer Mild , 4 +4 2-3 Walks better 
Attacks milder 
I Mad 21-28 24 Walks better 
Attacks milder 
| Mod 1-28 0-2 0 Walks better 
’ Mild “7 6-7 No value 
Attacks milder 
Mod 14 7 10) Walks better 
Fewer 
Max 0 70 7 14) Walks better 
r Mod 5-7 Helpful 
ky wer 
Mild 7 17 attacks 
Very helpful 
M ive Mod » 20 7 4 2 Walks better 
Mild (-2 Helpful 
M Mild 2 i-3 No help 
| Mi 710 74 Helpful 
Mod 7-14 0-2 Walks better 
No pain 
‘ M Mild 2-4 2-4 0 Walks better 
M Mild Ww 14} Os Less pain 
I Mod 4-21 16 No help 
i rs Mod 2-25 15 Helpful 
Mod 21-28 17 Poo sick 
Refused 
M Mod | 7-1 further Rx 
Mod 2-25 2-5 Great help 
Refused 
‘ ks Severe 40 further Rx 
Refused 
| Severe 150 further Rx 
Refused 
M Mod 80 further Rx 
Ho | Mod 14-28 15 20) Helpful 
Definitely 
Ml vrs helpful 
Definite 
M 7 VPs help 
M Ts No help 
ol rs No help 
oo oM rs No help 
Pain (milder 
ii M O vrs Helpful 
| yrs No help 


Dura 
fion 
Observa- 
tion Side Effects 
Nausea, dizziness 
6 mo. Drug rash 
Nausea, anorexia, 
Smo. dizziness 
Nausea, anorexia 
7 mo. insomnia 
Nausea, vomiting, 
2meo. dizziness 
7 me None 
None 
(ime. None 
7mo. Nausea, anorexia 
7 om Nausea, dizziness 
>.) The None 
Nausea, anorexia 
mo. Drug rash 
15 me None 
2 mo None 
time. Anorexia, insomnia 
imo None 
Nausea, dizziness, 
me vomiting 
2 mo None 
» mo. Nausea, anorexia 
Tmo. Nausea 
Nausea, anorexia 
sme dizziness 
Nausea, anorexia, 
dizziness 
Nausea, anorexia, 
2mo. dizziness 
Nausea, anorexia, 
Ime. dizziness 
Smo. Nausea, anorexia 
2wks. Nausea 
2 wks. Nausea, anorexia 
Nausea, anorexia, 
wk. dizziness 
3 wks None 
Nausea 


Nausea, dizziness 
None 
Nowe 
None 
None 


Nausea, anorexia 
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Result 
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Definite 
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Died 


Imp 
No 
Imp 
No 

imp 
No 


imp 


Imp 
No 


imp 


|| 
| 
S or 
was 
a 
ther 
rove 
nf 
| 
rove 
nf 
Was 
hen 
‘ina 
‘rin 
less 
ght 
nly 
bho 
the 
tte! 
are 2s 
rils imp 
It 
a 
ver 
cact 
th 5 


130 


ARMBRUST, LEVINE: TREATMENT OF ANGINA PECTORIS 
Nitrogly 
Tablets pe Du 
Du 
{ Bef } Khel Pa 0 

t M \ Definite help Nausea Imp 
7 M Slight } 1 Na ‘ Imp 
OM Helpful Nausea .dizzin 
No 
7 M 7 No help N i, imy 
No 
41) ( M r No hely Nor imp 
No 
M r Nau 1a imp 
No 
M N Na mp 
Ne 
1) Ni 
14 I r No mp 
t 1) ly Nor Imp 
7 M Helpfi Nausea Imy 
+S M Helpf Nor Imp 
| Ni l mp 
Ni 
( 2 | No hel Na mp 
2 oo M Helpf nia Tiny 

i M Helpful Nor Ir 


noted in 16 (57%) of 28 patients in 
Group 1. In 3 cases in which the drug 
was judged to be of no value, the trial 
was 3 weeks or less in each. It was dis- 
continued because of side effects. Six 
patients who, before therapy, had posi- 
tive electrocardiographic changes on 
exercise had this test repeated atter a 
treatment. In 4 the same 
electrocardiographic changes took place 
on exercise but the pain that they had 
previously experienced did not develop. 
The other 2, who had no pain on the 
test, had the same 
cardiographic changes before and after 
treatment. 


course of 


exercise electro- 


The patients’ opinion as to the value 
of the drug was also analyzed. Nineteen 
(687) of the 28 patients said that the 
drug was helpful. They stated that they 
were having fewer episodes of pain, 
and, more particularly, that when the 
pain did occur it was of a milder na- 
ture. The ability to walk greater dis- 
tances than prior to treatment was 
mentioned by many, i.e., their exercise 
tolerance increased. There 


was were 


only 3 cases of the 19 who said they 
were better who did just as well on 
placebos. In the other 16 cases th 
subjective improvement which the pa 
tient ascribed to the khellin disap 
peared 
again instituted. 

Thirteen (52%) 


when placebo therapy was 


of Group 2 patients 
stated that the drug was helpful it 
that they had less pain, used fewer 
nitroglycerin tablets and could walk 
longer distances. 

When factors such as age, sex, hyper 
tension and duration of angina wei 
considered for both groups, there wa 
nothing to suggest that any particula: 
tvpe of patient responded any bette 
than another. 

Side Effects. Nineteen (68%) of th 
patients in Group | complained of un 
toward effects. The most common an 
troublesome of these were anorexi: 
nausea and dizziness. In many patient 
the nausea and loss of appetite wa 
not for them t 
discontinue the drug completely bi 


was bothersome. and some took th 


distressing enough 
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Nausea occurred in 
28 cases, anorexia in 15 cases 


lrug irregularly. 
IS of the 
iid dizziness in 10 cases. In 5 patients 
the symptoms were so severe that they 
refused any further the ‘apy. In sev- 
dizziness was so serious that the V 
unable to continue their activities 
bed, 2 refusing 
further treatment. Insomnia developed 
in several but was severe in only 1 case. 


ral, 
were 


ind had to remain 


lwo patients developed a ‘maculo- 
The rash required ap- 
proximately 3 weeks to disappear and 
reappeared when the drug was admin- 
All of these side effects 
developed on dosages of 120 mg. daily. 


papular rash. 


istered again. 


wenty-one patients were able to con- 
drug if the was low- 
ered to 40 or SO mg. per day or con- 
tinued in spite of the side effects. Seven 
to take the 


level of dosage. 


tinue the dosage 


were unable drug at any 


Fourteen (560) in Group 2 of the 
complained — of 


dizziness. 


25 patients nausea, 


anorexia and The develop- 
ment of these untoward side-effects did 
liot seem to influence the response ot 
the patient to the drug, except where 
the drug had to be continued. 
Discussion. The evaluation of the 
efficacy drug in the treatment 
pectoris is fraught with many 
difficulties, as is well known. Symptoms 
often spontaneously go through evcles 


of any 
of angina 


of exacerbation and remission without 
adequate explanation. Nervous  influ- 
ences or the development of compen- 
satory collateral circulation may be re- 
sponsible for such changes in symp- 
toms. The difficulties in evaluation and 
the many factors that influence the pain 
of angina pectoris have been well de- 
scribed by Evans and Hovle*, and 
Gold*. We have attempted to circum- 
vent some of these factors by using the 
blind” method of testing in these 
studies? and by encouraging the pa- 
tients not to change their mode of liv- 
ng in any way. The patients selected 
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ANGINA PECTORIS 13] 
for this study, in most instances were 


suffering from relatively severe angina 


pectoris (i.e., were having frequent 
attacks). It was decided that unless 
they were having many attacks, an 


attempt to evaluate any ‘form of treat- 
ment was too difficult. The duration 
of the study has not been sufficiently 
long in all cases to exclude comple te ‘ly 
the possibility of natural remissions. In 
order to minimize the role of seasonal 
variations in the symptomatology, most ee 
of the patients were yey d as the 

cold weather approached « 
tinuing. This is of some euiiinin be- 


Was COn- 


cause with warm weather many cases of io: 
angina improve spontaneously. 
The continuous course of khellin 


therapy was always of sufficient dura- 
tion to permit the maximum effect that 
might be expected since optimum re- 
sponse is always anticipated after 2 
weeks of therapy'’. Placebo therapy 
was of sufficient duration to exclude Fs 
even the prolonged effect of khellin. 
This point was exemplified by the fact 
that most of the patients who obtained 
beneficial who were then 
changed to placebos usually noted the 
return of anginal attacks or an increase 
in the severity of attacks in 2 to 4 days 
after discontinuing khellin. 

The greatest proble ms that khellin 
presented were the untoward side 
The number and: severity of 
these observed in this study diverges 
widely from those reported by others. 
Anrep et al.” in their series of 250 cases 
reported only mild, infrequent side 
after oral administration, 
namely, mild dyspeptic symptoms and 
insomnia in a few patients. In this 
series, the disturbing side effects oc- 
curred in over 50% of the cases. There 
no uniformity as to the time of 
appearance of the untoward reactions. 
For the most part they had their onset 
during the first week of treatment. In 
a few patients they disappeared if the 


results 


effects. 


effects 


Was 


| 
| 
) 
T 
| 


drug was continued at the same dosage. 
Usually smaller doses of khellin elim- 
inated the symptoms or reduced their 
severity so that the patient would con- 
tinue treatment. A few, however, were 
unable to tolerate the medication. 

There is a definite need for a long 
acting coronary those 
that are available today are of dubious 
value. Khellin might meet this need, 
in an appreciable number of patients, 
it the untoward side effects could be 
controlled. Since the drug has a cumu- 
lative effect, an initial dose may be 
given to obtain an effective blood level 
and the patient then maintained on a 
lower daily dose. This is analogous to 
the method employed in digitalization. 
If further study ‘bears this out, the 
usefulness of khellin will be enhanced 
and it may prove to be an effective 
aid in controlling the number and se- 
verity of anginal episodes in some pa- 
tients. 

Conclusions. 1. Khellin was admin- 
istered to 53 ambulatory patients with 


vasodilator, as 


7. Gold, H., Kwit, N. 


435, 1944. 


10. Samaan, K.: Quart. J. Pharm. 


Am. Med. 


ind Pharmacol., 5, 6, 
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angina pectoris. The dose employed 
was generally 40 mg. 3 times daily by 
mouth. The patients were permitted to 
carry on. their unchanged 
during the period of study. Placebos 


activities 


identical in appearance were emploved 
during periods of time as controls in 
such a way that neither patient nor 
observer was aware of the change in 
medication. 

2. About 60% of the cases showed im- 


provement, used fewer nitro- 
glycerin tablets, had fewer and milde1 
attacks of pain and could walk greater 
distances. 
3. There were uncomfortable sidk 
effects, namely, nausea, anorexia and 
dizziness in about 60° of the patients 
These were a real deterrent to the use 


of the drug in many instances. 


1, We believe that khellin has a 
definite value in the treatment of 
angina pectoris but that its usefulness 
will be enhanced if the undesirabl 


side effects can be eliminated. 
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HYPERTROPHY OF THE BRANCHES OF THE PULMONARY ARTERY, 
AND ITS POSSIBLE RELATIONSHIP WITH THE SO-CALLED 
PRIMARY PULMONARY ARTERIOSCLEROSIS IN 2 INFANTS 
WITH HYPERTROPHY OF THE RIGHT HEART 


By M. Woiman, M.D. 


JERUSALEM, 


ISKAEI 


(From the Institute of Pathological Anatomy and Histology, Hadassah University Hospital) 


Tis study was made with the aim 
of explaining a hypertrophied right 
heart found during an autopsy of a 
female infant. Histological examination 
of branches of the pulmonary artery 
revealed some important changes, 
which might explain the reason for 
the cardiac hypertrophy. It is believed 
that the pathological changes might 
also throw some light on the problem 
of the so-called primary pulmonary 
sclerosis. The study is based on 2 
cases. Stimulated by the first (Case 1) 
to study the problem of congenital 
right heart hypertrophy, I found a sim- 
ilar case in the archives of this Insti- 
tute (Case 2),. which has also been 
included. 


Clinical end Pathological Reports: Case 1°. 
\ girl with cleft palate, born at term to 
nonsyphilitic parents; weight at birth 3 kg. 
No other congenital abnormalities were found. 
Soon after birth marked cyanosis was noted. 
The cyanosis appeared in attacks accompanied 
by hyperpnea or dyspnea. During her first days 
feeding was difficult because’ of the cleft 
palate. Sulphadiazine 0.2 to 0.4 gm. per day 
was given to the infant as preventive against 
pulmonary infection. She did not develop or 
gain in weight and the attacks of evanosis 
became more and more frequent, until she 
became permanently cyanotic. Roentgen-ray 
examination of the chest did not reveal any 
abnormalities. When 6 weeks old she devel- 
oped febrile bronchopneumonia and died 
in 6 days. The physicians in charge suspec- 
ted that the cyanosis was due to a malfor- 


mation of the bronchial tree which did not 
allow a normal gaseous exchange. 

Autopsy: The pertinent autopsy findings 
were as follows: palatoschisis; foci of begin- 
ning purulent bronchopneumonia, not recog- 
nizable as such on macroscopical examination 
of lungs. Heart weighed 45 gm. (average 
normal at this age, 25 gm.); the apex con- 
sisted of right ventricle only, which was 
markedly hypertrophied and dilated. Papil- 
lary muscles were thick and somewhat 
flattened. The ductus arteriosus was closed. 
The foramen ovale was found covered by 
a thin transparent membrane, not completely 
adherent to the septum. Left ventricle 
normal. Microscopical examination of heart 
cid not show increased amount of glycogen 
or lipids. Muscle fibres of right ventricle, 
although not measured, did not seem en- 
larged or thickened. Nuclei seemed normal. 

Macroscopical examination of other organs 
failed to reveal other gross nbnormalities. 

Histological examination of the lungs re- 
vealed the presence of a few scattered 
areas of beginning purulent bronchopneu- 
monia. Besides, changes were noted in the 
pulmonary arteries. All arteries examined 
showed thickening of their walls, due to 
increase in thickness of all tunics. Elastic 
fibers were very numerous in all vessels and 
were present also in small arteries, which 
do not usually contain elastic tissue. The 
changes observed in the arteries were quan- 
titative rather than qualitative. The elastic 
membranes, the muscular layer and the col- 
lagenous fibers, were all of approximately 
“normal” appearance, but they were over- 
developed as compared with normal arteries 
of equal diameter. The increase in elastic 
tissue was apparent also in the veins and 
in the alveolar walls. No atheromatous 
changes were discovered anywhere except 


* The author is indebted to Dr. Berman and Dr. Roth of the Pediatric B Department of this 


Hospital for the clinical information. 
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for the stem of the pulmonary artery. Vessels 
ot the systemic circulation appeared per- 
fectly normal 


The case may be summarized as 


follows: An infant having attacks of 


cyanosis trom birth developed bron- 
chopneumonia at the age of 6 weeks. 
The pathological substrate of these at- 
tacks seems to be found in the pul- 
monary arterial tree in the form of a 
hypertrophic process believed to be 
congenital. 


Case 2+. A girl born at term to apparently 
healthy parents. Clinically, there was pallor 
and a very marked cyanosis, which tempo- 
rarily responded to oxygen treatment. The 
infant died on the dav after its birth 
The pertinent autopsy findings (Dr. H 
length 55 cm. Heart weighed 44 gm., 
Marked dilatation 
and hypertrophy of right atrium and ven- 
tricle. Purulent bronchopneumoni toci were 
found in the bases of both lungs 
Histologic examination of the lungs. re- 
vealed appearances similar to those of Case 


Ungar, of this Institute) were: Body weight 
5 kg; 


average normal, 19 gm 


1. In the heart, as in Case 1, no cause could 
be found for the hypertrophy of the right 
side, that is, no increase in glycogen. or 
fat content of myocardium. 


Statistical Verification of the Pres- 
ence of the Hypertrophic 

Studies appearing in literature are 
often based mainly on impressions. It 
is often difficult to differentiate be- 
tween facts and impressions which de- 
velop 


Process. 


upon preconceived ideas, or 
even upon differences in technique. 
It was therefore thought necessary to 
employ accurate statistical methods in 


this study, 


COLLECTION OF Data: Case 1 and Case 2 
were considered separately. An unselected 
series of 7 other consecutive autopsies of in- 
fants less than 3 months old (performed after 
the autopsy on Case 1) served as controls. 

From the lungs of all 9 cases. fixed and 
preserved in 4% formaldehyde, blocks were 


rect yrds. 


data. 
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made and embedded in paraffin. From each 
lung blocks were cut trom two analogous 
sites: the hilum area and the antero-inferior 
margin of the lower lobe. Sections were cut 
at 10« thickness and complete series were 
simultaneously. All 
were made on sections stained with Wei- 


stained measurements 
gert’s elastic combined with Van Gieson’s 
stain. 

Vessels were measured with an ocular 
micrometer, previously gauged with a Zeiss 
objective micrometer. In order to lessen the 
chances of mistaking bronchial vessels for 
pulmonary ones, no vessel lying near a 
bronchus was included. Veins, whenever rec- 
ognized as such, were also left out. 

In each section of the control group, 25 
arteries were examined; 50 arteries were ex 
amined In cae h ot the sections of the 2 Cases 
Thus 100 arteries were examined for each 
of the 2 cases. The total number of arteries 
examined in the control group was 350 

The statistical data for the control group 
were pooled in order to obtain a more ac 
curate picture of “normaley”’. It should be 
noted, too, that there were no_ significant 
differences among the values obtained in the 
individuals of this group, and that the group 
could therefore be taken to be homogeneous 

The following data were compared in each 
of the 2 cases with the controls, comparing 
arteries of equal external diameter: 1, Width 
of arterial wall, in toto; 2, Width of media; 
3. Width of adventitia; 4, Character of the 
arterial wall — outside the endothelium 
whether homogeneous, Or composed of dis 
tinct tunics; 5, Presence and distribution ot 
elastic tissue 


STATISTICAL ELABORATION OF Data.°® 
L.Width of the Arterial 
average width of the arterial walls is 
larger in both cases as compared with 
that of controls (Chart 1). The dif- 
ference is more marked in Case 1. Not 
all the data could be examined as to 
their statistical significance as the num- 
bers were not always sufficient. Table 
1 shows that significance exists in the 
group of external diameter between 
20 to 29% and 50 to 59n. On the other 
hand, as the averages of both cases 


+ The clinical and pathological data of this case are not complete as information about the 
case, which occurred a few years before this study was begun, was obtained from hospital 


* The Author is grateful to Dr. U. Foa of this Institute for the statistical elaboration of th« 
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were always higher than those of the 
controls, it is permissible to consider 
the observations made on vessels of 
various diameters in terms of com- 
posite probability, and therefore to 
conclude that the differences were sig- 
nificant along the whole line. 

It should also be noted that the 
standard error of the difference be- 


art- 


width of 


erial wall 


y 5 5 


Average 


in the statistical part of the study for 
the following reasons: (a) because of 
its rather small width the error of 
measurement would be relatively large; 
(b) in many arteries it was not recog- 
nizable; (c) the great variability in its 
width, within the same section, es- 
pecially in the arteries of the smallest 
caliber (30, and below). 


10 20 


60 


80 


External diameter of vessels 


TABLE 1. 


A. Wiprn or THE 


E-rternat Case 1: 
diameter 
of vessels No.of average 
ressels width 
19 7 3.57 
20-29 22 6S. 
30-39 28 9.75 
49 17 94 
5059 11 IS 54 
70-79 § 23. 60 
$ 28 00 
62 00 


ArnTeRIAL Wau 


Case ? Controls 
No of arerade No of averade 
ressels width ressels width 
5 3.40 25 2.84 
27 5.55 7s $35 
9 OF SS 6 79 
8 15 00 +1 11.24 
+ 20 00 16 18 50 
20 80 12 16 08 
2 24 50 10 Is 60 
387 40 25 37 36 


B. Comparison BeTween THE 


E-rternal diameter 


2 CASES AND THE CONTROLS 


of vessels, Case 1 v. Controls Case 2 rv. Controls 
Critical Ratio (Critical Ratio 
20-29 3.72 2.83 
80-39 6 OS 8.88 
40 49 5 34 5.59 
50-59 8 26 2.38 


tween means has been calculated with 
the aid of the so-called short-formula, 
which presupposes a lack of correla- 
tion between the series considered. 
Since it is obvious that such correla- 
tion does exist, the values of the Criti- 
cal Ratio are in reality higher than 
those reported. 

2. Width of the Different Arterial 
Coats. The intima was not considered 


It has been noted, especially in Case 
1, that the intima of many small ar- 
teries was thickened, often rather ir- 
regularly, so that its width varied at 
different points of the same perimeter. 

Charts 2 and 3 and Tables 2 and 3 
show that both the adventitia and the 
media were thicker in the 2 cases than 
in the controls. Although some of the 
Critical Ratio values were not  signi- 
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TABLE 2.- WIDTH OF MEDIA AND ADVENTITPIA 
( ( ase 
Evrternal 
fiamet ! lie 
of * No. of 
n essel Media fdrentitia t Vedia 
10-19 2 8.00 1 50 oo 0 00 
20-20 18 3.07 2.07 13 3S 2 92 
830-39 28 3.78 $5 20 3.92 
40-49 17 SS 13 6 66 
50-59 6.00 10 72 6 00 7.12 
60-69 00 S00 } 12 25 
70-79 10 00 12 00 5 6 80 1 Ow 
SO-99 3 7 66 17 66 138.350 
100 6 23.83 36.338 § 14 40 21 40 
Exrternal 
diameter wera 
of t Vo. of 
ou ressel Vedia f 
10-19 
20-29 13 oOo 27 
50-39 tS 338 
49 t 15 
50-59 9 
60-69 16 50 7.56 
70-79 12 $75 10 25 
80-99 10 5.60 11 60 
1004 25 8 76 26.60 


In the smallest diameter groups the numl 


ver of vessels represe 


nts only those arteries in which the 


walls were differentiated, and a media and adventitia were distinguishabl 


ficant in themselves, it be 
sumed, for the reasons already stated. 
that the differences in both these coats 
between each of the 2 cases and the 
controls were not due to chance. 

3. Differentiation of the Arterial 


Walls. Normally no distinction can be 


may as- 


made between arterial coats in the 
smallest pulmonary arteries (below 
20. in diameter). There is no visible 
subendothelial layer, and the 
thelium rests on a fibromuscular man- 


endo- 


tle. In somewhat larger arteries, which 
still 
fibres, the media can be easily dis- 
ad- 


di- 


do not contain stainable elastic 


collagenous 


therefore 


tinguished from 
ventitia. Arteries 
vided in this study into 2 groups: those 
with a differentiated wall, and those 


a 
were 


lacking such a differentiation. 

The percentage of arteries with a 
differentiated wall (per 100 arteries of 
each size) is given in Chart 4. It can 
be seen that the process of differenti 
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External diameter of vessels 


PABLE 3. COMPARISON BETWEEN THE 2 CASES AND THE CONTROLS 
IN THE WIDTH OF MEDIA AND ADVENTITIA 


E-rternal Case 1 rv. Controls Case 2 v. Controls 

Diameter Critical Ratio Critical Ratio 

of ressels 
Media Adrentitia Media Adrentitia 
2029 0.19 0.00 1.89 
30.39 1 69 1.12 Y 12 0.25 
49 2 48 $36 5.09 
50-59 54 618 3.61 1.15 


TABLE 4. DISTRIBUTION OF ELASTIC TISSUE. 


E-rternal diameter of vessels (in 


Absent 63 64 25.02 0.00 9 10 
Suspected 9 09 17.85 17 66 0.00 
External layer 18 42 $1.17 36.36 

only 
Both layers 9 09 10 71 41.17 54.54 

present 

Torar 100 00 10000 10000 100 00 
Absent 59 28 34.62 13.33 0.00 
Suspected 14 81 19.23 13.33 0.00 
2 External only 1851 38.46 60.01 62. 50 
Both present 7.40 7.69 13.33 37.50 
Toran 100.00 100 00 100.00 100.00 
Absent 93.60 76.15 183.65 $1 48 
Suspected 2.56 7.95 10.90 2.43 
Controls External only 3.84 14.77 29.09 39.02 
Both present 0.00 1.13 16.36 17.07 
Toran 100.00 100.00 100.00 10000 


The number of vessels from which the percentages have been derived can be noted in Table 1. 
In vessels less than 20 « in diameter, no elastic tissue is recognizable. 
In vessels more than 60 « in diameter, elastic tissue is almost always present with at least 2 layers. 


ation has pushed into much smaller correspond to a probability larger than 
arteries in each of the 2 cases than in 99% that the samples compared were 
the controls. The significance of these not taken from the same universe, that 
differences has been calculated by _ is, that each of the 2 cases differs sig- 
using the y* method. The distribution _ nificantly from the controls'*. 

of the series in Case 1 compared to 4. Elastic Tissue. As stated above, 
the control vielded a y * value of 39.10. all sections were stained simultane- 
Case 2 vielded a X? value of 25.91. ously in the same staining solutions, so 
Both values are highly significant and _ that a comparison between the amount 
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50% 


Percentage of vessels with walls 
composed of 3 tunics 


TABLE 5. PROBABILITY 


THAT THE DIFFERENT DISTRIBUTION OF THE 
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worssvia 


in vessels of dia 


Elastic tissue 
meter from 20 to 60 microns 


ELASTIC 


TISSUE IN THE 2 CASES AND THE CONTROLS IS NOT DUE TO CHANCE 


Erte rnal 
diameter 


ssels 


of ve 


of elastic tissue is permissible. In order 
to permit statistical evaluation, 
vessels were divided into 4 categories: 
1, Arteries in which no elastic fibres 
were discerned; 2, Those in which the 


a 


presence of such fibres was suspected, 


but not clearly seen (as onlv faintly 
staining delicate fibrils were ob- 
served); 3, Arteries with a definite 
elastic layer, situated on the outer 


perimeter of the media; 4, Arteries 
with 2 definite elastic layers, with or 
without additional elastic fibres. 
Chart 5 and Tables 
that in each of the 2 cases elastic tissue 
was found to be more widespread than 
in the controls and was present also 
in very small arteries, which normally 
do not contain an elastic layer. The 
diagram is also based on a calculated 
percentage in 100 arteries of 


4 and 5 show 


various 


sizes. 
Table 4 and 5, which has been 
worked out on a_ ealculation*’. 


prove that the differences in the amount 
of elastic tissue between each of the 
9 


2 cases and the controls, is statistically 
significant. 


DISCUSSION OF THE STATISTICAL FIND- 


(Case 


Controls ? 


99 


] Case 


Controls 


Su 


incs. The statistical examination of the 
data Sseelns to prove bevond reasonable 
doubt that the pulmonary arteries of 
the 2 cases and especially those of the 
first, deviate significantly and markedly 
from the normal. This deviation is ex- 
pressed by thickening of all the arterial 
coats; presence of a neat differentiation 
of arterial coats in the walls of small 
arteries; increased amount of elastic 
tissue. 

The deviation is probably greater in 
reality than the calculated values for 
the reasons already stated as well as 
Arteries were divided into 
to their 
diameter. It is obvious that a thicken- 
ing of the wall of anv artery might 


bring it into a larger diameter group 


because: 


groups according external 


in which case it would be compared 


with larger arteries of the control 
group. 
It is well known that there are 


numerous pitfalls in studies based on 
those described 
above. Rigor mortis or faulty fixation 


observations such. as 
might also produce appearances simi 
lar to those of arterial hypertrophy by 
producing tortuosity and apparent 
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thickening of elastic and other layers. 
It is believed, however, that the 
changes described in this paper are 
real for the following reasons: 

|. Evelyn’? reports that measure- 
ments of the width of arterial tunics 
made by different authors using dif- 
ferent techniques have yielded similar 
results. 

2. In both cases described in this 
paper, there were other changes con- 
comitant with the arterial hypertrophy 
which could not be due to the above 
mentioned pitfalls: 1, Presence of elas- 
tic fibres in vessels which do not con- 
tain them normally; 2, Differentiation 
of the walls of small arteries which 
normally are not differentiated. 

Discussion. A. ParHovocicat Frnp- 
incs. The 2 cases have many similar 
points: 1. Cyanosis was present in 
both. There were attacks of cyanosis 
in the first case, while in the second 
the clinical chart does not specify 
whether the cyanosis was continuous 
or not. The condition can perhaps be 
explained by the pathological findings 
in the arteries: It might be assumed 
that arterial hypertrophy would make 
the arteries more rigid and cause local 
arterial hypertension. Thus Gross et 
al.2*, who studied sclerotic changes in 
the coronary arteries, stated: “That 
fibro-elastic transformation — of 
these vessels renders them or 
less passive, i.e., less susceptible to 
vasomotor control seems evident, 
the fibro-elastified vessels probably 
cannot undergo sufficient vasodilatory 
changes to compensate for the narrow- 
ing’. On the other hand, proof has 
been given by Euler Liljen- 
strand'®, and by Logaras**, that such 
a vasomotor control is normally operat- 
ing in the pulmonary circulation. 

2. In both cases the right heart was 
hypertrophied. This finding is regu- 


larly encountered in cases of pulmo- 


nary arteriosclerosis to which these 
cases may perhaps be compared. 

The relationship between right heart 
hypertrophy and pulmonary sclerosis 
has been regarded by most authors as 
a relation of cause and effect. Torhorst 
(cited by Schuette*) proved that in- 
creased pressure in the lesser circula- 
tion provokes sclerotic changes in the 
larger arterial branches only. It is 
therefore considered reasonable to as- 
sume that the congenital hypertrophic 
changes might be the cause of the 
so-called “idiopathic hypertrophy — of 
the right heart”. 

The hypertrophic condition of the 
right side of the heart is not thought 
to be due to a congenital malformation 
contemporaneous to the changes in the 
pulmonary arteries, because of the fol- 
lowing reasons: a, The hypertrophic 
process affected the right heart only; 
b, The changes in the pulmonary ar- 
teries are thought to be a_ sufficient 
reason for the cardiac hy pertrophy. 

Kugel and Stoloff?® have expressed 
the hope that the term “congenital 
idiopathic hypertrophy of the heart” 
might disappear from the literature as 
knowledge of heart diseases in infancy 
increases. It is suggested that this study 
may be of some help in eliminating 
one group of cases included under this 
term. 

3. In both cases death was due to 
bronchopneumonia. The insufficient 
blood supply caused by the arterial 
hypertrophy probably may re- 
garded as a_ strongly coadjuvating 
factor. 

It should also be mentioned that the 
changes in the pulmonary vessels are 
taken to be primary and not secondary 
to the bronchopneumonia, that is, it is 
believed that the hypertrophic changes 
were present at birth. The reasons for 
this belief are: 1. The attacks of cva- 
nosis antedated the bronchopneumonia 
and were apparent soon after birth; 


va 
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\cute suppurative bronchopneu- 
monia which lasts a few days is known 
to destroy collagenous and elastic tis- 
sue and not to produce their prolifera- 
tion. 

The pathological changes described 
above are entirely hyperplastic, and ex- 
cept in the main stems of pulmonary 
artery no degenerative changes were 
observed. Whether they should be in- 
cluded in the complex term of arterio- 
sclerosis or not depends on the exact 
meaning and definition of that term. 
(Aschoff?, and Haas?) 
make distinction between the 


sclerotic process of ageing and arterio- 


authors 
a cleat 
sclerosis in a which 
affects persons of all ages. The nature 
of the arteriosclerotic the 
narrower sense is regarded by some 
authors as the result of a primary lipoid 
infiltration of the arterial walls 
(Anitschkow', Aschoff?, and Learv*®). 
Some (Thoma. Torhorst, Hueck. and 
cited bv Vanzetti*? ) 


lesion of 


narrower sense 


process in 


others. 
that the arterio- 


sclerosis is a connective proliferation. 


believe 
primary 


Following the views of the second 
group the changes described in the 
pulmonary arteries should be regarded 
as early sclerotic or presclerotic. It is 
believed that upon such changes, clear 
arteriosclerotic lesions might develop 
in due course. 

The pulmonary arterio- 
sclerosis began almost 100 vears ago. 
Dittrich'' appears to the 
first to this condition; Pos- 
selt**“* first correlated the pathological 
findings with a definite clinical picture. 

Various conditions. representing very 
different pathological entities, but giv- 
ing similar clinical symvtoms, have 
been described under this heading. 
This authors 
(Norris*®) to regard pulmonarv sclero- 
sis as a svndrome and not as a disease 


study of 
have been 
describe 


confusion caused some 


entitv. It is thought necessary there- 
fore to draw a sharp line of demarca- 
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tion between sclerosis of the pulmo- 


narv artery and inflammatory condi- 


tions of the same, such as: syphilitic 
pulmonary arteritis; inflammatory pul- 
monary: arteritis (Rothschild and Gold- 
1. Schuette’s™ ): 


the pulmonary involvement in throm- 


bloom’s Case and 


boangiitis obliterans (Hausner and 
\llen?®). 

The subject of pulmonary sclerosis 
Ljungdahl®', and, more recently, by 


The 


ondarv and as such is most often asso- 


has been summarized by 


Brenner*. disease is usually sec- 


ciated with conditions which are sup- 
posed to increase blood pressure in 
the lesser circulation. The various con- 
ditions in which secondary sclerosis 
occurs, as well as plausible interpreta- 
tion of its pathogenesis, can be found 
in Moschcowitz’s*’ or Brenner's! papers. 
It should be noted that according to 
most authorities secondary sclerosis af- 
the 


sized branches of the pulmonary ar- 


fects mainly large and medium 


terv. is associated with conditions be- 
lieved to blood 


pressure, and is usually of the athero- 


increase pulmonary 
matous tvpe. The disease is also invari- 
ablv associated with right ventricular 
hypertrophy (Brenner* ) 

The relationship between pulmonary 
sclerosis (secondary) and pulmonary 
hypertension is accepted by most 
workers: Brvant®, Sanders*?, Hart??, 
while others (De Nav- 


1) 


Moschcowitz"’: 
Brenner*) do not re- 
gard this relationship as proved. Ex- 
perimental studies show that increased 


asquez. et al,!°, 


intra-alveolar pressure produces in rats 
d lesions in the arterioles 
(Smith et al.°): but on the other hand 
Karsner ef a128 failed to obtain marked 
changes in lune arterioles adopting a 
procedure which, in the authors’ be 
lief, pul- 


monary arterial pressure. The disease 


egenerative 


might cause increased 


is invariably associated with right ven 
tricular hypertrophy (Brenner*). Pri- 
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mary sclerosis differs from the second- 
that it affects mainly the 
arteries (see for example 
Eppinger and Wagner", 
and later Kaump and Dry*? pointed 
out that the cause and effect relation- 
ship between arteriosclerosis and hy- 
pe rtensive symptoms in the lesser cir- 
viewed in the same 
major circulation. Ac- 
cording to them hypertensive symp- 


ary one in 
smallest 


Roessle" ). 


culation should be 
wav as in the 


toms will occur only when the sclerotic 
affects the 
Arteriosclerosis of 


smallest arteries. 
the larger 
does not cause hyper- 
way as in the 
renal arteriolar sclerosis in 
the lesser circulation is invariably asso- 


process 
vessels, 
however severe, 
tension. In the same 


arterioles. 


ciated with hypertension. 
Hart?! divided his cases of primary 
pulmonary sclerosis into 2 groups. In 
included elderly men in 
whom, in spite of the fact that no cause 
for the revealed at au- 
there was reason to believe that 
during their life span they might have 


the first were 
sclerosis was 
topsy, 


been exposed to various factors which 
The second 
whom 
could be involved. Hart 
assumed therefore that the condition 
is determined by a congenital abnor- 
mality of the pulmonary arteria) tree. 
first voiced by Moencke- 
berg*! was accepted by many authors. 
like Ljungdahl', Foltz!*, Gilmour and 
and Gold??. Further evidence 
in favor of the presence of a congenital 
factor in pulmonary sclerosis is given 


determined this condition. 
group included young men 


no such cause 


This opinion, 


Evans=" 


by a number of cases in which symp- 
toms dated from birth or during the 
first‘ few months of life, and autopsy 
was performed early infaney 
(Durante'’, Bryant and White?, Dar- 
ley and Doan", Cross and Kobayashi’ ). 

The fact that a congenital factor can 
be operating in arteriosclerosis in other 
locations has been proved by a number 


of observations on sclerosis 


coronary 
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in infancy (Brown and Richter’, Scott 
and Miller'!, Stryker). Dock'*  re- 
ported hypertrophic changes in the 
infants which his 
opinion have a bearing on the subse- 
quent development of coronary sclero- 
sis. Dock’s study, confirmed by Min- 
kowski**, points to a definite relation- 
ship between congenital hypertrophic 
changes in the arteries and arterio- 
sclerosis. It is believed that a similar 
relationship exists between the hyper- 
trophic changes in the pulmonary ar- 
teries described in this paper and 
fully developed arterio- 
sclerosis. 


coronaries of 


pulmonary 


The changes observed in the pul- 
monary arteries of the 2 cases may be 
regarded as sclerotic changes of grade 
the grading method 
used by Kaump and Dry". It is pos- 
sible that these quantitative changes 
passed unobserved by a number of 
investigators, who looked for degenera- 
tive processes in the arterial walls i 
order to explain the “pulmonary hy 
pertension syndrome” (De Navasquez 
et East'*). The lack of degenera- 
tive changes in the arteries is not sur- 
prising, as in a number of cases of 
pulmonary arteriosclerosis no such 
changes were found (Moenckeberg**, 
Sanders**, Foltz'®). 

Various Opinions were expressed on 
the pathogenesis of primary pulmo- 
nary sclerosis. Thus, Bredt* regards it 
as a result of an unknown toxin. Roths- 
child and Goldbloom* believe their 
case was due to allergic phenomena. 
Recently Harrison* put forward ex- 
perimental evidence suggesting that 
primary pulmonary arteriosclerosis 
might be due to the organization of 
multiple thrombi or emboli. It is be- 
lieved that the present study brings 
evidence to support the views of pre- 
vious workers who took primary pul- 
monary sclerosis to be a result of con- 
genital factors. 


I. according to 
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Summary and Conclusions. 1. Two 
cases of so-called congenital “idio- 


pathic” hypertrophy of the right heart 
are described. 

In both hypertrophic 
changes of the pulmonary arteries, ex- 
pressed in thickening of all arterial 
coats, increased amount of elastic 
sue, and presence of a neat differenti- 
ation of coats in the arterial wall of the 


cases 


tis- 


smallest arteries, were observed. 


3. A statistical examination of these 
findings, compared with the findings 
The Franco, 


author is grateful to Prof. S 


32. Logaras, B.: Acta Physiol. Scand., 14, 


120, 


AN: 


in 7 control proved that the 
os ‘rence is statistically significant. 


The opinion is expressed that the 


cases, 


Merion reported might constitute the 
anatomical background or the first ste Pp 
toward primary pulmonary 
which is believed to be 


sclerosis, 
at least 
described con- 


due, 
in some to the 
genital malformation. 

5. It is further thought that congeni- 


tal hype rtrophy of thé small pulmonary 


cases, 


arteries might be the cause of the 
right heart hypertrophy. 
Director of this Institute, as well as to Prof. L 


Bogliolo of Belo Horizonte, Brazil, for valuable advice and helpful criticism. 
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From the Department of 


Acute pericardial involvement. sec- 


ondary to. or associated with. certain 
specific diseases is well known, ade- 
quately described in the literature, and 


almost always sought for by the exam- 
ining physician. Many physicians how- 
ever are unaware of the 
inflammatory 


ofa 
disease of the 
e tiology 


existence 
primi iry 


of which is 
feel 


heading of 


pericé rdium, the 
and which we is best 


classified under the 


unknown, 
acute 
primary pericarditis of unknown origin. 
The diagnosis of this condition is prob- 
ably often missed than made. 
When the course is mild, and the labo- 
ratory inadequate, the 
illness mav be passed off as a cold, 
grippe oO r pleurisy. When the symptoms 
are severe, and the pain intense and 
unusual in distribution, the differential 
diagnosis from coronary occlusion and 
the acute surgical 
difficult to make. 

The general 


more 


examinations 


abdomen be 
medical literature has 
not given adequate emphasis to this 
condition. In 1934 Willius'® described 
a case which followed acute pharyn- 
gitis and stated that “it is fairly 
mon to find acute serofibrinous 
carditis with effusion and we are 


com- 
peri- 
fre- 
quently amazed at the recovery which 
these patients make!” Barnes and 
Burchell! described this illness under 
the heading of acute benign 
(144) 


nonsup- 


Mi dic 


Beth El Hospital 

purative pericarditis, stressing the char- 
acteristics which differentiated it 
Wool presenting 
his cases of idiopathic pericarditis, and 
Colffen®, in his case 
out that this disease ; 
cardial infarction. Logue and Wend- 
koss® state that 6 of their 17 cases of 
acute pericarditis of the benign type 
were 


trom 
coronary occlusion 
report, also point 


mav simulate mvo- 


mistakenly diagnosed as Coronary 


occlusion on admission. Nathan and 
Dathe'® observed pericarditis with 
effusion after upper respiratory tract 


intections in § patients in whom no 
found. The 
se with atypical 


Finkel- 


intrathoracic disease was 
association of this disea 
was described by 
stein and Kleiner® and Smalley and 
Ruddock". Burchell®, in his excellent 
review of the subject, a large 
group of illustrative 

in detail the 


pneumonia 


ases, discussing 


and dif- 


atures under the 


SIGNS 


ferential diagnostic fe 


heading of acute nonspecific peri- 
carditis. Bellet and \MieMillan*, Vander- 
Veer and Wagner, and others, who 


have thoroughly discussed the general 


subject of acute pericarditis, make only 
casual 


mention of cases of unknown 


etiology. White'*, Levine*, Cecil*, and 
other textbooks of cardiology and med- 
icine give little or no consideration to 


this condition. 
The impression gained from the lit- 
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erature is that the condition is entirely 
benign, but this may not necessarily 
be true. It has a tende cy to recur: 2 
of our cases had at least 2 proven re- 
currences. Such recurrences may con- 
ceivably give rise to serious sequelae, 
Harrington? surgically treated 24 pa- 
— with constrictive pericarditis. In 

S of these cases, although no definite 
etiologic factor was found, a history 
of | or more previous attacks of some 
pulmonary infection such as pneumonia 
or influenza was obtained. As will be 
seen from our case reports, such pul- 
monary infections occur in association 


lower substernal pain. The history indicated 
that the first of a number of such attacks 
occurred 8 months prior to admission and 
recurrences took place at intervals of 1 or 
more months, On previous occasions the pain 
lasted a few days, was accompanied by fever 
and subsided sponti neously. The pi atient felt 
that at times these attacks were precipitated 
by fatty foods. Frequently she vomited dur- 
ing the attack. Her physician had told her 
she had gall bladder disease. Examination 
on admission disclosed a temperature of 101° 
pulse 102, respirations 28 and blood pressure 
120/80. There was moderate dyspnea. There 
was impaired resonance at both lung bases. 
There were marked tenderness and muscle 
spasm in the epigastrium and right upper 
quadrant. A tentative diagnosis of acute 


s 


hic. 1 (Case 1).—Pericardial effusion, bronchopneumonia May 7, 1948, 


with = acute primary pericarditis. 
Sprague and White! * also are of the 
belief that adhesive pericardial fibrosis 
is caused by an infection of unknown 
etiology. 

We believe that until a specific 
etiologic factor is discovered the best 
descriptive name of the disease is acute 
primary pericarditis. It is our purpose 
to reémphasize the clinical features of 
the condition and include our experi- 
ence with 5 additional cases. 

Case Reports. Case 1. (No. 184144) R.L., 
a 30 year old married white female house- 
wife, was admitted to the surgical service 
of Beth El Hospital on May 6, 1948, com- 
plaining of severe upper abdominal pain and 


exacerbation of chronic cholecystitis and 
cholelithiasis complicated — by bronchopneu- 
monia was made. Medical consultation was 
requested because of the pneumonia. In addi- 
tion to the above findings a pericardial fric- 
tion rub and paradoxical pulse were also 
observed. Further questioning disclosed that 
the pain was aggravated by deep inspiration, 
swallowing, cough and motion of the trunk. 
Roentgenogram of the chest (Fig. 1) revealed 
enlargement of the cardiac silhouette con- 
sistent with a diagnosis of pericardial effusion, 
and signs of bronchopneumonia in both bases. 
The electrocardiogram (Fig. 2) was diagnostic 
of acute pericarditis. Codeine afforded some 
relief of pain. There was no dramatic re- 
sponse to 100,000 units of penicillin given 
intramuscularly every 3 hours. The temper- 
ature gr: adually subsided to become normal 
on the 6th di iy. At this time the pain was 
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Lead 


7, 1948, to June 4 1948 


il Electrocardiograms, May 


5, 1948. 


June 


1).—Normal chest Roentgenogram, 


( Cast 
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completely relieved. One week later, on the 
13th day, there was a recurrence of dull 
substernal pain,. the temperature rose to 
102.6°, the pulse to 130, and a_ pericardial 
friction rub was again audible. A small 
pleural effusion collected at the left base. 
ihoracentesis yielded 350 cc. of a serous 
fluid. The temperature subsided spontaneously 
} days later and the pain disappeared. Re- 
peated roentgenograms (Fig. 3), the first and 
last of which are shown, showed a gradual 
decrease in the size of the heart, complete 
resolution of the bronchopneumonia and 
absorption of the pleural effusion. Serial elec- 
trocardiograms (Fig. 2) showed the classical 
changes of acute pericarditis beginning with 
RS-T elevations in the standard leads, fol- 
lowed by flattening of T in lead 2 and CF5 
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on May 27, and rose again to 24 mm. per 
hour on June 2. Urinalyses were negative. 
Agglutination tests against all the known 
organisms, including the cold agglutination 
test, were negative. Smears and cultures of 
many sputa and gastric washings were nega- 
tive for tubercle bacilli. The Mantoux test 
was negative in a dilution of 1: 10,000. Many 
red blood cells, inflammatory cells and 
mesothelial cells were found in the pleural 
fluid. Smears of this fluid were negative, as 
were culture and guinea pig inoculation. Gall 
bladder gastrointestinal roentgenologic 
series were negative. 

Follow Up. One month after discharge the 
patient was readmitted to another hospital 
for a recurrent episode. The findings there 
were essentially those which we observed. 


hic. 4 (Case 2).—Pericardial effusion, bronchopneumonia Oct. 19, 1948. 


ind inversion of T in CF2, then flattening of 
in lead | and inversion of T in all other 
leads. The elevated RS-T segments returned 
to the isoelectric level. Finally there was a 
return toward positivity of all the T waves. 
rhe electrocardiogram taken prior to dis- 
charge showed a reversion toward the normal 
pattern. The chest film was negative. The 
patient left the hospital well on June 4, 1948. 

Laboratory Data. Many blood counts 
showed a hemoglobin which varied from 55 
to 80%, red blood cells from 2,600,000 to 
1 400,000, white blood cells from 16,000 to 
8.000, polymorphonuclears from 80 to 63%. 
The sedimentation rate dropped from 43 mm. 
per hour on admission to 10 mm. per hour 


She was discharged after 4 weeks. Since that 
time we have examined her twice at our 
follow-up clinic, the last time June 12, 1949. 
She has remained well. Physical examination, 
chest film and electrocardiogram are entirely 
normal. 


Comment. This case illustrates the 
recurrent nature of the attacks of acute 
pericarditis, the typical symptoms. 
signs, course, roentgenographic and 
electrocardiographic findings, the ab- 
sence of an etiologic factor, the con- 
fusing abdominal symptoms, and the 
associated pulmonary lesions. Follow- 
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No. IS9518 ) At... a 50 vear old 


was admitted to Beth El Hos- 
17, 1948, complaining of malaise 
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and irregular fever of 1 week's duration 


One month prior to admission the patient was 


ill with an upper respiratory infection and 


t davs. He returned 
10 before 


developed a nonproduc 


fever. He was in bed for 
to 


admission 


well until days 


work feeling 


when 


to 


‘il 


(aaa, 


to Jan. 15, 1949 


(Case 2).—Marked reduction in s 


ize of cardiac silhouette, Nov. 9, 1949. 


: 
ead 3 j 
| 
at tint 
if 
Fic. 5 (Case 2).—Serial Electrocardiograms, Oct. 19, 1948, 
3 
— 
fa 


tion 
wus 
and 
rned 
‘fore 
Tuc 


FEDER, HOFFMAN, SUGAR: 


ve cough and fever. Fever persisted, al- 
ough the patient remained in bed for a 
ull week receiving 300,000 units of penicillin 
nd 6 gm. of sulfadiazine daily. Examination 
1 admission showed an acutely ill) man, 
perspiring profusely and not markedly 
lyspneic. A few moist rales were heard over 
the base of the left lung. A loud pericardial 
friction rub was audible. Roentgenogram of 
the chest (Fig. 4) showed an enlarged cardiac 
ilhouette consistent with a diagnosis of peri- 
dial effusion, and bronchopneumonia  in- 
volving the lower lobe of the left lung. The 
clectrocardiogram (Fig. 5) showed the pat- 
tern of acute pericarditis. Under symptomatic 
therapy the fever gradually subsided, reach- 
ing normal on the 5th day. The friction rub 
disappeared on the 3rd day. Repeated chest 
films (Fig. 6), the first and last of which are 
shown, showed a progressive diminution in 
the size of heart shadow and a resolution ot 
the bronchopneumonia. Serial electrocardio- 
grams (Fig. 5) showed progressive changes 
diagnostic of acute pericarditis. The RS-T 
intervals were at first elevated in the standard 
limb leads. This was followed by a flattening 
f T in Lead 1, then inversion of T in Leads 
1, 2. 3, and CFS, and finally a return toward 
positivity of ‘T in Leads 1 and CF5. 
Laboratory Data. The white blood cell 
ount on admission was 21,000 with 864% 
polymorphonuc lear cells. During recovery it 
lropped to 10,000) with 72% polymorpho- 
nuclears. The sedimentation rate was 54 mm. 
per hour on admission and dropped to 28 
m. per hour prior to discharge. Agglutina- 
tion tests against all known organisms, in- 
uding cold agglutination, were negative. 
Blood culture was sterile. The antifibrinolysin 
titer was 4 +. The Mantoux test was negative. 
Follow-up. Four weeks after discharge the 
patient complained of chilliness, sore throat 
nd cough. Physical examination showed signs 
f an upper respiratory infection. The temper- 
ture was slightly elevated. He made an 
neventful recovery and returned to work 
vithin a week. He has remained well since 
hat time. electrocardiogram taken 2 
ionths after discharge (Fig. 5) was en- 
rely normal. 


Comment. There was no complaint 
{ pain in this instance. Otherwise the 
linical course, roentgenograms and 
lectrocardiographic findings were 
ypical of acute pericarditis. Associated 
ulmonary disease was present. 

Case 3. (No. 196415) F.P., a 52 year old 
hite, married, female housewife was admit- 
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ted to Beth El Hospital on May 10, 1949. 
There was a past history of bronchial asthma 
of 7 years’ duration but the patient had been 
asymptomatic for | year prior to the present 
illness.. A routine electrocardiogram (Fig. 8) 
taken Oct. 15, 1948, 7 months prior to the 
present illness, was normal. Two weeks before 
admission she was awakened from sleep with 
severe knife-like pain in the substernal region 
which radiated to the back of the neck, both 
shoulders and left arm. The pain was aggra- 
vated by respiration. The following day her 
temperature was 103°F. The pain persisted 
for 2 days. Despite administration of peni- 
cillin and sulfadiazine the temperature con- 
tinued to fluctuate between 101 and 103°. 
The pain recurred intermittently and was very 
slight at the time of admission when the 
temperature was 100°, pulse SO, respirations 
20, blood pressure 110/60. Examination of 
the heart disclosed distant heart sounds, an 
apical impulse which could not be palpated 
and a pericardial friction rub. The chest film 
(Fig. 7) showed the cardiac silhouette to be 
enlarged and small pleural effusions at both 
bases. The electrocardiogram (Fig. 8) showed 
T-wave changes consistent with a diagnosis 
ot acute pericarditis of 2 weeks’ duration. On 
symptomatic therapy the temperature gradu- 
ally subsided and became normal on the 5th 
day. Three days later there was a spike to 
101.4°, then a gradual fall to 100°, where it 
remained for the following 2 weeks. The pain 
was completely relieved after the first week. 
Repeated films of the chest (Fig. 9), the first 
and last of which are shown, showed a grad- 
ual decrease in the size of the heart shadow 
and absorption of the pleural effusion. Serial 
electrocardiograms (Fig. 8) showed a gradual 
return of the negative T waves toward posi- 
tivity. 

Laboratory Data. Blood counts showed 
hemoglobin varying from 68 to 75%, red blood 
cell counts from 3,200,000 to 3,700,000, white 
blood cell counts from 8,800 to 6,000 with a 
normal differential ratio, except that on 3 
occasions the eosinophil counts were 9%, 5% 
and 4%. The sedimentation rate was 45 mm. 
per hour on admission and dropped to 30 
mm. per hour prior to discharge. Urinalyses 
were negative. The blood culture was sterile. 
Agglutination tests against all the known or- 
ganisms, including cold agglutination, were 
negative. Smears and cultures of sputa, gastric 
washings and stools were negative. The 
Mantoux test was positive in a dilution of 
1: 10,000. A skin and muscle biopsy showed 
no evidence of vascular disease. 

Follow-up. The patient has only recently 
been discharged from the hospital. She has 
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remained clinically well. No repeat studies ease such as periarteritis nodosa. Thi 

have thus far been obtained. absence of other clinical features anc 
Comment. This patient followed a the negative biopsy eliminate this pos 

typical course of acute primary peri- sibility. Associated pleural disease wa 

carditis of unknown origin. The past — present. 

history of asthma and the finding of Case 4. (No. 199656) LM.. a 40 vear ol 

eosinophilia on 3 occasions made it nec- — jyarried white laborer, was admitted to Bet 


essary to rule out diffuse vascular dis- FE! Hospital on Feb. 22, 1949, complaining « 


).—Pericardial effusion, bilateral pleural effusion, May 153, 1949 


Lead 1 
Lead 2 
Lead 3 
Lead CF2 
Lead CF5 


10/15/48 5/13/49 5/18 


Fic. 8 (Case 3).—Normal electrocardiogram 7 months prior to illness, Oct. 15, 1948. Seri 
electrocardiograms May 13, 1949, to June 27, 1949. 
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pigastric precordial pain of hours’ 
iration. Four days prior to admission the pa- 
tient was more fatigued than usual and had 
ght pain in the left axilla on deep inspira- 
tion. This was relieved by an analgesic on the 
llowing day. He returned to work. The 
ght betore admission the patient was awak- 
ned from. with severe sticking pain in 
the epigastrium and over the precordium 
vhich radiated toward the left axilla. There 
was difficulty in breathing, sweating and 
usea. The history disclosed a similar attack 
f pain a year ago. This was diagnosed as a 
pleurisy. At that time he was well and able 
to return to work after one week of bed rest. 
Examination on admission disclosed a tem- 
perature of 1O1®, pulse 100, respirations 24 
ind blood pressure 140/90. Excursion of 
the left) chest was limited inspiratory 
rales were heard over the left lower lobe. A 


the classical evolution of acute pericarditis. 
The RS-T segments were at first elevated in 
the standard limb leads. T was inverted in 
CF2 and diphasic in CF5. Eleven days later 
there was a return of the RS-T segments 
toward the isoelectric level and T was in- 
verted in leads 1, CF2 and CF5. The patient 
signed a release on March 9 in order to return 
to work. He felt clinically well. 

Laboratory data. Blood counts showed a 
hemoglobin of 88%, white blood cell count 
varying from 8,000 to 7,000, poly- 
morphonuclears from 66 to 60%. The sedi- 
mentation rate was 33 mm. per hour on ad- 
mission and 14 mm. per hour on discharge. 
Agglutination tests against all the known 
organisms, including the cold agglutination 
test, were negative. Urinalyses were negative. 
Blood culture was negative. Smears and cul- 
tures of sputa and gastric washings were neg- 


hic. 9 (Case 3).—Normal chest film, June 21, 1949. 


tion rub was audible along the left sternal 
rder, svnchronous with the heart sounds 
d unrelated to respiration. There was mus- 
spasm in the epigastrium. Roentgenogram 
the chest was at first judged to be normal. 
wwever, in comparison with a subsequent 
n, measurements showed enlargement of 
cardiae silhouette. Pleural thickening was 

en at the left base. The electrocardiogram 
ig. 10) was diagnostic of acute pericarditis. 
Only symptomatic therapy was prescribed. On 
t 2d hospital day the temperature rose to 
1°. The friction rub disappeared and _re- 
rned a number of times. The temperature 
idually subsided and became normal on 
5th day at which time the precordial and 
igastric pain were completely relieved. 
rial electrocardiograms (Fig. 10) showed 


ative for tubercle bacilli. The Mantoux test 
was slightly positive in a dilution of 1: 100,- 
000 and moderately positive in a dilution of 
1: 10,000. The venous pressure, calcium 
gluconate and ether circulation times were 
normal, 

Follow-up. An electrocardiogram (Fig. 10) 
taken April 11, about one month after dis- 
charge, showed a complete reversion to nor- 
mal. The patient at that time had no com- 
plaints. On May 26 there was a recurrence 
of substernal pain which was aggravated by 
breathing. Five days later the pain was re- 
lieved, but an electrocardiogram (Fig. 10) 
again showed the pattern of acute pericarditis. 
The patient returned to work. An electro- 
cardiogram (Fig. 10) taken at our follow-up 
clinic on July 13 showed a normal pattern. 
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the 
recurrent nature of the attacks of acute 


Comment. This case _ illustrates 
pericarditis. The clinical course and 
electrocardiographic findings are typ- 
ical. No etiologic factor is evident. No 
active acute or chronic lung disease 
is present. There was no preceding 
respiratory infection. 

(No. 194779) R.D., a 22 vear old 
male negro laborer, was admitted to Beth El 
Hospital on March 15, 1949, with complaints 


Case 5. 


rE PRIMARY PERICARDITIS 


98.6° and the chest and abdominal 


subsided on the second hospital day. Three 


pam 


days after admission the patient stated he felt 
perfectly well. An electrocardiogram (Fig. 10 
then taken, but the patient 
charged before the report was received. It 


was Was dis 
revealed elevated RS-T segments in Leads | 
in Lead CF5 
The patient was recalled and readmitted for 
further observation on March 29. He had nx 
complaints and was working during the week 
\ repeat film of the chest 
Serial 


slight changes 


2 and CF5 and an inverted T 


since his dis« harge. 
still 
11) 


clectrocardiograms 


On Mar hh 


was negative 


Fig. showed 


Lead 2 
Lead 3 
I ead F2 
ez 
Lead CF5 


Fic. 10 (Case 4).—Serial electrocardiogram 
1949. Recurrence, 


of a slight nonproductive cough, pain in the 
left lower chest and left upper abdominal 
quadrant of 1 week’s duration. The onset of 
these symptoms was preceded by a head cold. 
The pain was intermittent and the patient 
continued to work. On the day of admission 
he felt chilly, the pain became more severe 
and it was aggravated by deep inspiration and 
movement of the body. The temperature was 
99.8°, pulse 76, respirations 21 and_ blood 
pressure 130/85. Physical examination 
vealed limited expansion of the left side of 
the chest and occasional inspiratory rales in 
the left axilla. Roentgenogram ‘of the chest 
was negative. The temperature dropped to 


l 7/13 


during first illness, Feb. 25, 1949, to April 11 


May 31, 1949. Normal, July 13, 1949. 


29, RS-T was still elevated in Leads J] an 
CF5. T was isoelectric in Lead 2. On April 11 
RS-T remained elevated in Leads 1 and CFS 
T was more positive in Leads 1 and 2. TI 
patient was asymptomatic and the temper: 
ture remained normal during his entire hos 
pital stay. He was discharged on April 17. 
Laboratory data. The blood count showe 
a hemoglobin of 80%, white blood cell cou 
7,300 with a normal differential smear. T) 
sedimentation rate was 30 mm. per hour « 
admission and dropped to 7 mm. per hour « 
discharge. Urinalysis, blood chemical studi 
and Mazzini_ test 
fibrinolysin titer was 4+. 


were negative. The ant 
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Follow-up. The patient was examined at 
ur clinic on June 12, 1949. He remained 
vell and was working since his discharge. 
Physical examination was negative. The elec- 
rocardiogram showed essentially the same 


hanges as pre viously. noted 


clinical 
was suggestive, no physical 

pericarditis were present. 
There were no roentgenologic signs of 


Comment. Although — the 
history 


signs of 


pericardial effusion. No associated pul- 
monary disease was present. Only by 
means of a routine electrocardiogram 
\iter 


abnor- 


was a diagnosis possible. 


months, electrocardiographic 
malities are still present. 
Discussion. The frequency with 
which we have encountered acute 
primary pericarditis of unknown ori- 
vin since we have been on the lookout 
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for it indicates that it is not a rare con- 
dition. Because of the usual mild and 
benign course during the acute episode. 
and the frequent association with 
respiratory infections which may dis- 
tract our attention from the heart, it 
is probably more often missed than 
recognized, On occasion, because of 
incorrect electrocardiographic interpre- 
tation, it has been mistakenly diag- 
nosed as acute coronary occlusion. 
The etiology is unknown. In 4 cases 
in which pericardiocentesis was  per- 
formed by Nathan and Dathe'’ the 
fluid was hemorrhagic and in no case 
were bacteria demonstrated on smears, 
cultures and guinea pig inoculation. 
Pericardial tapping was not indicated 
in any of our cases. All of the known 


Lead 
Lead 2 
Lead 3 
Lead CF2 
Lead CF5 


3/18 


we 


3/29 4/11 


Fic. 11 (Case 5).—Serial electrocardiograms March 18, 1949, to April 11, 1949. 


All) | 
ree 
elt 
lis 
tor 
1K 
ek 
est 
ch 
| 
all 
1] 
Ti i 
+4 
li 
aun 


FEDER, HOFFMAN, SUGAR: 
agglutination reactions were negative. 
In all of our cases the cold agglutin- 
ation test was negative. This suggests 
that if a virus is the etiologic factor it 
is not the same one that is responsible 
for primary atypical pneumonia. 

The symptomatology is fairly char- 
acteristic. Pain is usually present. It 


was absent in one of our cases. The 


pain is substernal or precordial. In 2 
of our cases the pain radiated to the 
abdomen. The pain is aggravated by 
breathing, swallowing, coughing and 
movement of the trunk. Dyspnea may 
or may not be present. Fever is not 
unusually high, although it reached 
104° in 1 of our cases. Both fever and 
pain are usually shortlived, disappear- 
ing within about a week. Slight eleva- 
tions of temperature may persist for 
a longer time. Recrudescence of svyimp- 
toms may occur. 
The physical examination was. sig- 
nificant in 4 of our cases. A pericardial 
friction rub was audible in Cases 1 to 
4. It not 
present and it mav be evanescent in 
particular cases, being heard at one 
time and absent at another. Frequent 
examinations of the heart are necessary 
to be assured of its presence. Distant 
heart sounds, a paradoxical pulse and 
the inability to locate an apical impulse 
are suggestive findings. Signs of pul- 
monary or pleural involvement should 
not distract attention from the heart. 
Bronchopneumonia and pleural effusion 
were found in Case 1, bronchopneu- 
in Case 3, and pleural effusion 

in Case 4. The concomitant presence 
of these conditions with the peri- 
carditis, and their resolution the 
pericarditis improved, suggest that the 
etiologic factor may be the same for 


however need alwavs be 


monia 


as 


both the pleuropulmonary and_peri- 
cardial disorder. 

The electrocardiographic and chest 
roentgenographic examinations estab- 
lish the diagnosis. In the electrocardio- 
gram early elevations of the RS-T seg- 


TE PRIMARY PERICARDITIS 

ment followed by depressed and nega- 
tive T 
RS-T segment to the isoelectric level 
and the T waves to positivity, are the 


waves, then a return of the 


classical features of the pattern in acute 
pericarditis. These changes persist for 
the clinical 
svmptoms. In our Cases 1 to 4 they 
lasted for about 1 month. In Case 5 
stil] 
months. 


a longer interval than 


electrocardiographic changes are 
present after a period of 
In Coffen’s case® RS-T changes per- 
The 


changes in size of the cardiac silhouette 


sisted for as long as 6 months. 
are characteristic. 

Other laboratory data not of 
diagnostic value. A rapid sedimentation 


are 


rate was present in all of our cases. 
It gradually fell toward normal with 
ot activity. The 
blood count is not distinctive. Cases 1] 


subsidence clinical 
and 4 had a moderate hypochromic 
anemia. Cases 1 and 3 showed a mod- 
erate leukocytosis 
Case 4 had a slight eosinophilia, prob- 
ably unrelated to the present illness 
All other blood studies were essentially 
negative. 


(neutrophilosis) 


Differential diagnosis must be made 
from pericarditis secondary to or part 
of some other primary disease. Bur 
chell® points out that pericarditis in 
rheumatic fever 
commonly painless and has a different 
clinical 
renal 


and tuberculosis is 


Pyogenic infections 


diffuse 


course. 
insufficiency, vascular 
disease, and other ‘causative mechan 
isms should easily be ruled out by ade 
quate studies. Acute myocardial 
infarction may have to be distinguished 
from acute primary pericarditis of un 
known origin. The absence of typical 
distribution of anginal pain, the ag 
gravation of pain by breathing, swal 
of the 
trunk, the presence of fever, pericardia 


lowing, coughing or motion 
friction rub and rapid sedimentatior 
rate at the onset of acute non-specifi 
pericarditis are clinical features whic! 


help differentiate both conditions 
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the cardiac sil- 
and classical changes in serial 
should 
diagnosis. 


Changes in size of 
houette 
electrocardiograms 
doubt as to the Recurrence 
of attacks, pain to the 
abdomen, muscular spasm and gastro- 
intestinal render the 
diagnosis difficult before confirmatory 
available. In 
| a diagnosis of chronic gall blad- 
der had been entertained for 
many months and the patient was ad- 
mitted on the 


radiation of 
symptoms may 


laboratory findings are 
Case 


clisease 


surgical service for an 


acute exacerbation of this condition. 
There is no specific treatment. 
( hemotherapeutic and antibiotic 


value. 
Salicylates provide only slight svmpto- 
reliet 

of the 
relief of pain. 

The prognosis for the acute attack 
is usually good. Only time and careful 
follow-up will tell whether anv of these 
patients will ultimately develop con- 
strictive pericarditis. Recurrent attacks 
Cases 1 and 2 were ob- 
us to have definite recur- 
rences. Perhaps in some of those in- 
constrictive pericarditis, 
factor is not dis- 
more unrecognized 
of acute primary pericarditis 

have previously occurred. 


agents seem to be of no 


shorten the 
Codeine affords 


matic and do not 


course clisease. 


are Common. 
served by 


stances of 
where an_ etiologic 


cernible, one or 


We wish to express our appreciation to Dr. E. 
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leave no , 
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Only by paying close attention to 
mild or moderate precordial pain, oc- 
curing by itself or in association with 
respiratory infections, and availing 
ourselves of electrocardiographic and 
roentgenographic studies, will we be 
able to learn the true incidence of this 
kind of acute pericarditis. After the 
diagnosis is established, then only by 
careful observation of these patients 
over a period of years will we be able 
to learn whether serious sequelae may 
result. 

Summary and Conclusions. 1. Acute 
primary pericarditis of unknown origin 
is a primary condition of the peri- 
cardium. No definite etiologic factor 
has been discovered, though respiratory 
lesions are frequently associated. 

2. Careful attention must be paid 
to the complaint of substernal or 
precordial pain, especially in the pres- 
ence of respiratory infections. Serial 
electrocardiographic studies and chest 
films will aid in the recognition of 
more of these cases. 

Attacks are often recurrent. Care- 
ful observation of these patients for a 
period of years will determine the re- 
lationship of this disease to chronic 
constrictive pericarditis. 

4. The literature has been reviewed. 
Five additional cases have been pre- 
sented. 

W. Lipschutz and Dr. S. Gittelman for their 


indness in permitting us to include their cases in this paper. 
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Tut dosage-response curve has be- 
come a standard device for the com- 
parison of drugs in animals. Such 
curves provide not only quantitative, 
but qualitative information concerning 
agents in a comparison. This technique 
tor ascertaining the relative potency 
of drugs, and any qualitative difter- 
ence which may exist, is not generally 
utilized in the study of drugs in man 
This mav account for the discordant re- 
sults regarding the potency of agents in 
humans often seen in the clinical lit- 
erature. The use of a dosage-response 
curve is in principle similar to that of 
calibration curves in other scientific 
measurements; for example, the curve 
of color change of an indicator of 
hvdrogen-ion concentration. the 
latter curve there is a middle sensitive 
portion in which a small change in 
the pH produces a marked change in 

T} 
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tint, while at the 2 extremes. the curve 
is much less sensitive and large changes 
in the pH produce only small or un- 
detectable changes in the tint. The 
same is true when chemical agents are 
Here also there is 
a sensitive range in which a_ small 


tested biologically 


change in dose or concentration is 
revealed by a large response, and there 
are relatively insensitive ranges at th 
2 extremes where large changes in the 
dose or concentration produce little or 
no change in response. If 2 drugs ar 
compared in doses which lie at the 
extremes ot the dosage-response curve 
differences between them may escape 
detection, or the values representing 
the difference may prove misleading 
The clinical literature provides in 
numerable examples of error in th 
relative potency of drugs bv reasor 
of the fact that, in the absence of 
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dosage-response curve, the comparisons 


were made in the insensitive range of 
dosage, or by the method in which 
equal doses were given, and the ratio 
of the effects was taken to represent 
the relative potency of the drugs. The 
fallacy of the latter method may be 
illustrated by data taken from a recent 
study’, in which the potencies of 
cinchona alkaloids were compared with 
respect to their effects on the rate of 
the fibrillating auricle in man. As seen 
1 Table 1, a dose of 0.4 gm. of quinine 
slowed the rate by 10%, 0.8 gm. slowed 
the rate by 20% (doubling the dose dou- 
bled the effect), and a dose of 1.2 gm. 
slowed the rate by 30%. A dose of 2.6 
gm., however, produced no greater ef- 


1. SHOWING THE FALLACY OF 


FROM THE RATIO OF EFFECT 


Quinine 


and the device for this is the dosage- 
response curve. 

The scarcity of dosage-re sponse 
curves in the comparison of drugs in 
man was brought to our attention 
vividly by the recent clinical studies 
of the new mercurial diuretic, 
thiomerin'. In these, the potency of 
the compounds was compared in terms 
of the diuretic effect produced by sim- 
ilar doses. They present no evidence 
as to whether the doses lay in the stee Pp 
or in the flat portions of a dosage- 
response curve, and therefore provide 
no means of ascertaining the validity 
of the values concerning relative po- 
tency. 

The present report deals with data 


ASSUMING RELATIVE POTENCY OF DRUGS 


PRODUCED BY SIMILAR DOSES 


Dose Per cent slowing — Dose 


qm of auricular rate qm 
0 4 10 0 
aos 20 

30 
20 30 


tect, indicating that doses above 1.2 gm. 
lay outside the sensitive range of 
response to this drug. In the same 
tudy, a dose of 0.4 gm. of quinidine 
lowed the rate by 20%, which taken 
y itself. would indicate that quinidine 
vas 100% more potent than quinine. A 
lose of 1.2 gm. of quinidine, however, 
lowed the rate by 40%, as against 
for a similar dose of quinine, and 

his, taken by itself, would indicate 
hat quinidine was only about 307 
iore potent than quinine. This clearly 
iows that the relative potency of the 
drugs cannot be established from 
ifferences in effects produced by 
milar doses. Valid ratios of potency 
in only be obtained from differences 

| doses which produce similar effects, 


Quinidine 
Per cent slou ing Ratio of 
of auricular rate potency 
20 
1.3 


which show the feasibility of a dosage- 
response curve in the comparison of 
mercurial diuretics in man. prelim- 
inarv account of such experiments was 
published in 1946". 

The subjects were a group of 73 
ambulant patients with congestive 
failure in attendance in our cardiac 
clinics. The procedure was as follows: 
the patient was weighed, a dose of the 
mercurial diuretic was injected intra- 
venously, and the patient weighed 
again 15 hours later. The difference 
between the 2 weights represented the 
diuretic effect of the dose, in addition 
to a small loss of weight which 
normally occurs during the night (an 
average of 0.89 Ib. established by 115 
trials in 35 of these patients). One ‘week 


Jes 
it 
Are 
is 
all 
1S 
aay 
OT 
ire 
he 
ve 
ne 
‘he 


later the patients returned to the clinic. 
During this time the weight that had 
been lost was almost invariably re- 
gained. For example. the group of 56 
patients which received 1 cc. had an 
average weight of 151.4 30.0 Ibs.. 
and on their visit a week later, their 
average weight had returned to 151.8 

30.1 Ibs. The diuretic agent was 


TABLE 2 


5 

= of 
9 
“= 
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Fic. 1.—A_ typical 
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mercuhydrin, and the doses ranged 
from 0.25 to 2.5 ce. 

The results are summarized in Table 
2. The normal overnight weight loss 
was subtracted from the total loss for 
each dose to obtain the average loss 
due to mercuhydrin. The standard 
deviation of the average weight loss 
from each dose is an estimate of the 


RESPONSE TO 971 INTRAVENOUS INJECTIONS OF MERCULHYDRIN 
IN 73 PATIENTS WITH CONGESTIVE FATLURE 


Standard 


{re rade deviation of Wee jhtlossduc lo 
Dose No. of No. of weight loss the average mercuhydrin 
patients doses lbs weight loss lbs 
Control 35 115* 0 89 0 12 

0.25 0.77 0.16 0 12 
0.50 83 2.44 24 1 35 
0.75 2 70 0 35 
1.00 56 206 0.18 2 
1.25 35 20 0 42 
1.50 835 6 72 48 
1.7 $ 20 0.35 3] 

2 00 419 210 69 0 20 80 
2.50 20 22 5] 0 62 62 


* This value represents the number of weighings after the injection of an inert material 


** The average response to 0.25 cc. was less than the average weight loss in the control 


Dose (cc 


“S-shaped dosage-response curve, with steep or sensitive range in th 
central portion. The points indicate the average weight loss for each dose of mercuhydrin 
the vertical lines through the points, the range of the standard error of the average for eacl 
dose. The curve indicates that the most responsive range lies between doses of 0.5 and 2.( 


not likely to produce significantly greater effects 


and that for most patients larger doses, which lie’ in the “ceiling” area of the curve, ar 
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wed reliability of the result. The average tionship between the doses of a drug 

weight loss for each level of dosage and the corresponding responses, and 
ales was plotted in 2 ways. In Fig. 1, the is more suitable for the comparison of 
ee weight loss was plotted against the the potency of drugs. 
dose. This shows the typical “S”-shaped 
for | I Summary and Conclusions. 1. Com- 
curve with the steep, or sensitive, part 
parisons of mercurial diuretics in man 
lard in the range of doses from 0.5 to 2 ce., . : ‘ 
arc by the conventional method in which 
loss differences in diuretic effects with 


the from 1.5 to 3.75 Ibs. respectively. The 
curve is flatter at the lower dose level, 
and reaches a “ceiling” at above 2.0 
ce., Suggesting that there is little value 
in giving larger doses to ambulant 


similar doses of the agents are used as 
a means of deciding relative potency 
are not sound. Valid comparisons re- 
quire the use of dosage-response curves. 
patients with congestive failure. In Fig. 2. It is feasible to prepare satis- 
2. the same data are presented in a factory dosage-response curves — for 
curve in which the weight losses are mercurial diuretic agents in patients 
plotted against the dose on a logarith- with congestive failure. 

mic scale. This provides a_ straight 3. A dosage-response curve for mer- 
line, which represents the usual rela- cuhydrin is presented. 


4 
. se 
a 3 a 
=. 
‘ 
0.25 05 075 10 15 20 25 
Dose (cc.) 


i. 2.—Linear dosage-response relationship when the points on the “S-shaped curve of 
rig. 1 are plotted against the log of the dose. This type of curve is especially useful for 
comparing the relative potency of drugs. 
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AND 


F. J. Keniry, M.D.°° 


NEW ORLEANS, LOUISIANA 


From the Department of Medicine, Tulane University School of Medicin« 
and Charity Hospital of Louisiana at» New Orleans 


Durtnc the course of experi- fect its distribution and excretion. In 
ments??5:69 with Mercuhydrint la- view of the relative paucity of data 
beled with Hg22% various body on the distribution and fate of the 
fluids were obtained for the purpose mercury incorporated in a mercurial 
of studying the relationship of the diuretic of the type used frequently 
concentration-time course of the radio- in clinical medicine, it seems advisable 
mercury in the blood serum to that to report these observations, even 
in the respective body fluids. All of though the series is small and_ the 
the various fluids could not be studied data were obtained only incidentally 
in the same subject nor could they — to other more extensively planned in- 
be studied comprehensively in many vestigations. 
instances. Materials and Methods. The subjects wer 

Manv observations on the distribu- adults who were either normal or were sut 
tion and excretion of mercurv are fering. with disease states which produced 
found in the literature‘ However. pleural, peritoneal, or edema fluids suitable 


these investigations have been con- 


7.8 


in quantity for collection and = study. Two 


cubic centimeters of the mercurial diuretic 
cerned principally with mercury in was administered intravenously, each cc. con 


the treatment of svphilis bv inunction taining 39 mg. of mercury. The radiomercury 

or injection or with mercurial poison- had an activity su h that 8 to 20° millior 

counts per minute were introduced. In an 

ing. These constitute a different prob- 


lem from that of an intravenously duced in a capsule, as previously described® 
administered mercurial diuretic in that When possible, samples of the body fluids 


the factors of time. total dosage. rapid- were collected simultaneously with those of 
= blood, for purposes of comparison. 


occasional instance, the diuretic was intro 


itv of absorption, and the chemical Guide te 


compound containing the mercury af- — the following manner: 


* Aided by grants from the Life Insurance Medical Research Fund, a War Department 
Grant W-49-007-MD389, the Mrs. E. ]. Caire Fund for Research in Heart Disease, and 
a Public Health Service grant. 

°° Life Insurance Medical Research Fund Fellow (1948-49), Department of Medicine 
Tulane University School of Medicine and Charity Hospital of Louisiana at New Orleans. 

+ The Mercuhydrin (methoxy-oxymercuripropylsuccinylurea with theophylline labeled wit! 
radiomercury ) was prepared in this laboratory by Messrs. Harold Krahnke, Darwin Kaestner, 
and Edwin Sprengler through the cooperation of Dr. H. L. Daiell of Lakeside Laboratories 
Milwaukee, Wisconsin. 
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1, gastric juice by means of a stomach tube and 75% relative humidity). The subjects 


ETIC 1 one subject; . entered the hot room at varying lengths of 
2, sweat in vials, from the surfaces of the time after the injection (0-120 minutes); 

body of 9 subjects who rested quietly in a 3, bile from the outlet of a T-tube placed 

hot and humid room (approximately 49° C. in the common bile duct for postoperative 


TABLE 1.—CLINICAL DATA 


Age or 
No. of Ser Color Age Range 
Vaterial Studied Subjects M ( (Vrs.) Diagnose 
Ascitie fluid 2 2 58 & 60 2 Hepatic cirrhosis 
Sputum 2 68 LHCVD* with CHE** 
1 ASHD*** with CHF** 
1 Cholecy stitis 
Pleural fluid 2 1 l 2 16& 58 1 Tubere. with pleural effusion 
1 Malignaney and scleroderma 
In 
data Grastric juice $1 1 Postpneumonia 
the Pericardial fluid 6S 1 Tubere. pericard. 
rial sweat 6 24 Of 3 Gastric neuroses 
ntly 8 Peptic ulcers 
able 1 Unresolved pneumenia 
ven Hypertrophic arth. 
Gonoccceal arth. (recovered 
the 
‘ally Erythrocytes 6 63 Syph. aort. insuffie. with CHF** 
1 Asthma with cor pulmonale and CHE** 
In- 1 RHD**** with CHF** 
1 Pylorospasm 
1 ASHD*** with CHF** 
were 1 Pneumonia 
sul 1 Hepatic cirrhesis 
ed 
abl Spinal fluid 19 3601 Pulmonary abscess 
1 Hepatitis 
1 Infectious mononucl. 
ret 1 Pneumonia 
con All convalescent 
ior Edema fluid 16 11 2 76 5 HCVD* with CHE** 
an 3 Syphil. heart dis. with CTIF** 
: 5 ASHD*** with CHF** 
edé 1 Chronic glomerulonephritis with neph- 
uids rotic syndrome 
ot 1 RHD**** with CHF** 
njection — into 
ascitic fluid 2 2 a6 S4 + Hepatic cirrhosis 
1 Carcinoma of stomach with peritoneal 
ent metastases 
and 
2 Postop. cholecystectomy 
ine 1 Biliary fistula (repaired) 
vit] 
ner. Hypertensive cardiovascular disease 
tes * Congestive heart failure 


Arteriosclerotic heart disease 
*** Rheumatic heart disease 


| 
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drainage in 
bladder in 1 subject; 

4, cerebrospinal fluid by means 
puncture in 4 subjects; 

5, edema fluid by means of 


needle as used for muscle tissue pressure! 
inserted into the tissue spaces of 16 subjects; 


6, ascitic fluid by paracentesis in 


SERUM 
asta 

z ‘ 
2 
—. 
200 
8 

5 


MINUTES 


vr. 
subjects and from the gall- 
of lumbar 


a 20-gauge 


9 


7, saliva by expectoration in 4 subjects; 
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8, pleural 


subjects; 


subject; and, 


solution of sox 


subjects; 


fluid 


9, pericardial fluid by 


Clinical data concerning 


RADIOMERE 


by 


lium chloride 


are summarized in Table 1. 
z 
£ 
wool 
| 
z 
MINUTES 


Fic. 1.—Distribution of radiomercury in various body fluids. The measurements 


on different subjects. (A) Relative concentrations of radiomercury in the 


sputum and sweat of 3 subjects. 


ascitic fluid, pleural fluid, and edema fluid of 
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Relative concentrations 


serum, 
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Fic. 2.—Relative concentration of 
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idiomercury in the 


serum, 


urine and bile of 
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a 49 vear old colored woman with cholelithiasis and T-tube drain. 
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10, erythrocytes separated from the plasma 
and then ‘washed twice with a physiologic 
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Results. Results are summarized in 
Figs. 1, 2 and 3. It is evident from 
these illustrations that radio- 
mercury did not escape in high con- 
centrations into the body fluids studied, 
with the exception of bile. The escape 
into sweat and gastric juice was es- 
sentially zero and was slow into edema 
fluid, sputum, ascitic fluid, and 
pleural fluid (Fig. 1A and B). On the 
other hand, the escape into bile was 
relatively high, though it did not reach 
the levels encountered for the urine 
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studied. The washed erythrocytes did 
not contain any of the isotope. The 
two washings could have removed 
radiomercury that may have been ad- 
sorbed or bound to the surfaces of 
the erythrocytes. 

The other fluids, on the other hand, 
showed wide variations from subject 
to subject; the illustrations shown 
represent typical patterns. Even 
though the concentration varied con- 
siderably in the time-course, all the 
fluids except urine, blood, and_ bile 
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hic. 3.—Relative concentrations of radiomercury in the plasma and ascitic fluid after intra- 

eritoneal injection in a 53 year old white woman with Laennec’s cirrhosis. The ratio of 

meentration of plasma to concentration of ascitic fluid is shown. The slow appearance in the 
plasma is apparent, 24 hours being required before the concentrations are the same. 


Fig. 2). The bile of 2 of the subjects 
vas studied quantitatively for total 
xcretion — of radiomercury; in one, 
of the recovered radiomercury 
idministered orally was in the bile; 
2.8% was in the urine, and in the 
ther, 2.7% of the intravenously in- 
ected dose was excreted in the bile 
nd 94.2% in the urine. Relative rates 
excretion in the urine and bile are 
hown in detail in Fig. 

No accumulation of radiomercury 
vas detected in the spinal fluid. Ab- 
ence of transfer of measurable quan- 
ties of radiomercury into the spinal 
uid was consistent for all subjects 


were consistently low in concentration 
by comparison. 

Each of 6 subjects with ascites re- 
ceived 2 cc. of the labeled diuretic 
intraperitoneally. Results are typified 
by the example shown in Fig. 3. There 
were wide variations in absolute values 
of the concentrations in the blood 
serum and ascitic fluid which are ex- 
plainable by differences in the volume 
of ascitic fluid among patients. All 
subjects showed a definite absorption 
of the material from the peritoneal 
space. One subject had none remain- 
ing in the ascitic fluid at the end of 
24 hours, whereas another, followed for 


OY 
in |] 
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72 hours, still showed © significant 
quantities. Most of the radiomercury 
was excreted in the urine. 

Discussion. Since the movement of 
the radiomercury is a direct index of 
the movement of all of the mercury 
in the diuretic, and since there is rela- 
tively little mercury in the entire body 
of man, the data represent quanti- 
tatively as well as qualitatively the 
distribution of the 
mercurial 


mercury of a 
diuretic administered in- 
travenously®. In one subject who re- 
ceived the labeled diuretic orally the 
pattern of the concentration-time 
course for the radiomercury in the 
bile was not. significantly different 
from that presented in the bile by 
the other subjects who received the 
material intravenously. 

The quantitative distribution of the 
radiomercury was not extensive, being 
limited primarily to the blood, urine, 
bile. and feces. Failure of mercury 
to penetrate readily the vascular bar- 
riers may be due to its tendency to 
be fixed fairly firmly to the protein 
molecules of the plasma. The rapid 
unidirectional removal of the mercury 
from the blood by the kidnevs with 
excretion into the urine is probably 
responsible in part for failure of the 
element to enter slowly the other body 
fluids and reach relatively high con- 
centrations therein. 

In many of the studies counts of 
samples were frequently 10 to 20 
above background (16 to 24 counts 
per minute). Such sporadically appear- 
ing values were most probably the 
result of statistically expected varia- 
tions in counting and technique. For 
example, when tissue fluid is collected 
and a needle puncture is made, spill- 
age of minute amounts of blood might 
produce such variations, especially 
during periods when the concentration 
of radiomercury in the blood is high. 
Although such variations are shown in 
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the illustrations, only those points 
which exhibit a consistent trend can 
be considered significant. A good ex- 
ample of this type of curve is repre- 
sented by that for the pleural fluid 
(Fig. 1). 


errors due to. statistical factors con- 


Regardless of the possible 


cerned with counting and spillage 
of blood into the body fluids during 
this collection, the data indicate def- 
initely a slight transfer of the mercury 
of an intravenously administered mer- 
curial diuretic out of the blood vessels. 

Data for feces are not shown be- 
cause of the difficulties and uncer- 
tainties of the method from a quan- 
titative point of view. Concentration 
of the radiomercury in the feces varied 
with its quantity ‘and physical state 
\ larger amount of mercury was ex- 
creted in the feces when diarrhea 
existed. Furthermore, because a speci- 
men was not passed daily, calculations 
of rate of excretion were disturbed 
Approximately 0.01 to 26% of the in- 
travenously administered diuretic was 
recovered in the feces. This has been 
discussed previously** for oral admin- 
istration of the diuretic. 

Contrary to previous reports, the 
sweat glands, unlike the kidnevs, were 
found not to excrete measurable 
amounts of the mercurial diuretic’. The 
same is true for the glands of the 
stomach. 

Failure of mercury to accumulat 
in the tissues in relatively larg 
amounts in general arouses specula 
tion concerning the diuretic action ot 
the material through systemic action 
although the action of a drug is not 
necessarily directly related to its con 
centration in a tissue. 

The relatively high concentration o! 
mercury in the bile, as compared witl 
other body fluids, except blood anc 
urine, is in essential agreement witl 
previous studies. However, the tota 
amount excreted in the bile is rela 
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tively small—2.7% in one patient. The 
ratio of concentration of mercury in 
the bile to that found in the urine 
and blood depends in large part on 
the time of sampling (Fig. 2). Thus 
with collections made 6 to 20 hours 
after injection, when the blood content 
of mercury was low, the concentration 
of bile was greater than that of the 
blood. Such factors as the slow rate 
of biliary flow and relatively low rate 
of clearance of mercury by the liver, 
as well as the large storage space in 
the liver and relatively slow elimina- 
tion of mercury from these stores, 
must be evaluated. It is apparent that 
biliary excretion of the mercury of a 
mercurial diuretic is not an important 
route of elimination in the presence 
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of normal kidneys. With impaired 
renal function and good hepatic func- 
tion, biliary excretion appeared to be 
more significant in one subject. 

Summary. The distribution of radio- 
mercury in edema fluid, ascitic fluid, 
pleural fluid, bile, saliva, gastric juice, 
cerebrospinal fluid, sweat, and erythro- 
cytes following intravenous adminis- 
tration of a single dose of a mercurial 
diuretic is described. No measurable 
quantities entered the cerebrospinal 
fluid, sweat, gastric juice and erythro- 
cytes, and only low concentrations 
were reached in the saliva, edema, 
peritoneal and pleural fluids. Relatively 
high concentrations were attained in 
the bile. 


We wish to acknowledge the assistance of Drs. W. H. Gordon and W. J. Overman in 
these studies. The following senior students participated in the sweat studies: Alton Ochsner, 
lr., Lee Garlett, Chapman Bertinot, and James Hendrick. 
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STUDIES ON THE USE OF AUREOMYCIN IN HEPATIC DISEASE*® 
lil. A NOTE ON AUREOMYCIN THERAPY IN HEPATIC COMA 


By Joun D. Farguuar, M.D. 


Josern Srokes, JRr., M.D. 
CoLeMan M. Wurriock, Jr., M.D. 
Lewis W. BLUEMLE, Jr., M.D. 
AND 


Joseru M. Gampescia, M.D. 


PHILADELPHIA 


(From the University of Pennsylvania, the 
ot Pediatrics, School ot Medicine. University 
Metabolic Center, 


IN ADDITION to numerous supportive 
measures, aureomycin was given to 4 
patients in acute liver failure 
coma. In 2 instances the liver 
complicated viral hepatitis; in the 
other 2, portal cirrhosis. In the expe- 
rience of most observers, the mortality 
rate in cases of hepatic coma, particu- 
larly following viral hepatitis, has been 
very high despite many types of sup- 
portive treatment. very 
encouraging to observe 4 consecutive 
cases of acute hepatic coma who 
showed improvement upon receiving 
aureomycin in addition to supportive 
therapy. In 2 of these the improvement 
was immediate and striking. Although 
it is not possible to draw any conclu- 
sions from this small number of cases, 
the results were sufficiently encourag- 
ing to warrant this report. The case 
histories of the 4 patients are as fol- 
lows: 


with 
failure 


Thus it was 


Case Reports. Case ] 
girl was found to have 
leukemia in September, 


chronic myelogenous 
1948, when she was 
throat, fever, and 
systolic apical murmur. She had a white blood 


studied because of a sore 


[his work was supported by the Commission on Liver Diseases of the 


( hildren’s 
of Pennsvivania) the 


This 6 vear old white , 


PENNSYLVANIA 


Hospit il of Philade Iphia 
| Army 


Department 


LH patic and 


Valley Forge General Hospital 


cell count of 97,000 with immature cells, and 
bone marrow examinations verified the diag 
Clinically the 


matic and was in an 


NoOsIs, patient) was isyinpto 
appare nt 
examinations at regular intervals 
1948, and 2 February 
slightl, 
Phe liver was never palpable 
The patient did 
blood 


Physical 
between September, 
1949, were negative except for a 
enlarged sple« nh 
or tender during this pe riod. 
not receive any transfusions of whol 
or any blood products. She did have 
ous venipunctures for diagnostic 
On 2 February, 1949, a routine count don 
in the Hematology Clinic of The Children’s 
Hospital of Philadelphia revealed a 


globia of 9 gm. and a white blood cell count 


proe dure 


hie 


- of 60.000, which was similar to counts mad 


during the preceding 5 months. 
On 4 February, L949, the patient devel 
oped malaise, 


anorexia, vomiting 


and_ right 


nausea 
upper qu idrant abdominal pain 
which persisted until admission on 12 Febru 
ary, 1949. Scleral icterus was first noted 

8 February, 1949. The patient rapidly be 
came more jaundiced and was intensely s 
on the day of admission. The patient's mother 
noted that the child had sk pt 
tinuously for 2 to 
but had been rational and well oriented 
when awakened. On 11 February, 1949, th 
patient had a rose bleed and vomited bloox 
which she vparently had swallowed. Shi 
‘d to The Children’s Hospital at 

1949. 


almost con 


3} davs before admission 


was admi 
a. m. on 12 February, 


Armed Force 


Epidemiological Board, Preventive Medicine Division, Office of the Surgeon General, Wash 


ington, D. C. 
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Physical examination on admission revealed 
pale, jaundiced, slender, 6 year old white 
rl who was somewhat irritable but in no 
ute distress. Clotted blood was found in 
er nose and posterior nasopharynx. Abdomi- 
il examination revealed a smooth, firm, 
tender liver, extending 5 cm. below’ the 
right costal margin. The lower edge of the 
spleen was felt about 5 cm. below the left 
stal margin. The patient was well oriented 
nd the remainder of the physical examina- 
nm was not abnormal. About 7 days after 
dmission coma rapidly developed. She was 
mipletely unresponsive and her pupils were 
lated and responded sluggishly to light. A 
spinal tap at this time vielded clear fluid 
with normal pressure and 20 mg. protein per 
100 ml. On the day of admission, urinalv- 
was negative, except for the presence 
bilirubin. It was negative for urobilinogen. 
he urine pit was o and specific gravity 
1.025. Her he moglobin was 5.7 gi. and her 
white blood cell count was 129,000 with 88% 
neutrophils, about half of which were imma- 
ture torms, lvinphocyvtes, and 3% eosino- 
phils Iwo normoblasts were seen per LOO 
leukocytes. The platelet count was 30,000; 
bleeding time, 1 minute; venous coagulation 
time, 5 minutes (Lee and White), and clot 
retraction normal. The liver function studies 
were as follows: Total serum bilirubin, 19.98 
per 100 mlb: 1 minute direct-reacting 
bilirubin, 10.14) mg. per 100 mi.; thymol 
rbidity, 7.1 units; thymol flocculation, 3+: 
ephalin-cholesterol flocculation + in 24 
urs, and 44 in 48 hours; and colloidol 
d. 44 
Phe diagnosis made was acute viral hepa- 
tis with coma superimposed upon a chronic 
velogenous leukemia. The diagnosis of viral 
patitis was based on the following: 1, The 
story was quite typical of viral hepatitis 
th onset on 4 February, i949; 2, an en- 
rged, tender liver which had not been 
nt previously; 3, an intense jaundice 


res 


absence ot evidence ot extensive hemo- 
sis or biliary obstruction; 4, the liver func- 
n studies indicating acute hepato-cellular 
mage; and 5, her subsequent hospital 
urse 

Treatment. Aureomvcin, 100 mg. every 6 
urs intramuscularly, was given from 12 
bruary, 1949, to 18 February, 1949, when 
change to oral aureomycin, 250 mg. every 
hours, was made. The oral aureomycin 
iS stopped on 3 March, 1949. The patient 
ceived 500 ce. of blood on 12 February, 
49, and daily plasma infusions for 1 week. 
e was given large doses of vitamin K and 
er vitamins parenterally. She received in- 
venous glucose solutions for 1 week and 


was given a high protein, high carbohydrate 
diet as soon as it was tolerated. 

Course in Hospital. Twenty-four hours 
after lapsing into coma and after the onset 
of aureomycin therapy the patient was men- 
tally alert and well oriented. She appeared 
somewhat less jaundiced, the liver was less 
tender, and appeared to be smaller. Some 
coarse rhonchi were heard in the bronchi, 
and a single dose of both crystalline and 
procaine penicillin was given. Forty-eight 
hours after admission the patient again be- 
came lethargic and semicomatose and_ re- 
mained so most of the day. However, on the 
following day she was again mentally alert 
and responsive and remained so, The liver 
and spleen remained unchanged to physical 
examination during this second episode of 
coma. From the 3rd day, the patient’s course 
was one of steady improvement. The liver 
size and tenderness gradually diminished and 
the jaundice subsided. The liver function 
studies had practically returned to normal 
in 1 month. She rapidly regained her weight 
and strength and at time of discharge was 
in the same physical condition as at the onset 
of the hepatitis. Her chronic myelogenous 
leukemia continued as previously with hemo- 
clobin of 9.5 gm. and white blood cell count 
of 65,000, with S7% mature and immature 
neutrophils, 5% lymphocytes, 3% monoevtes 
and 5% eosinophils. 

Case 2. This 10 year old white girl was 
admitted to the Chester Hospital on 4 
November, 1948. The illness began 5 days 
before admission with headache and_ fever 
up to 105° F., followed by repeated vomit- 
ing. These complaints became more severe 
and, in addition, marked prostration and 
right upper quadrant abdominal pain de- 
veloped. Intramuscular penicillin was given 
every 3 hours for 5 days before admission 
without any beneficial effect. 

Physical examination on admission revealed 
a profoundly prostrated, mentally sluggish, 
and mildly cachectic girl weighing 35 kg. 
She was vomiting or retching almost con- 
stantly and was quite jaundiced. Her tem- 
perature on admission was 99.6° F. The liver 
edge extended 1 cm. below the right costal 
margin in the mid-clavicular line and was 
smooth, firm, and quite tender. There were 
no other abnormal physical findings. 

Urinalysis revealed excessive amounts of 
bilirubin and urobilinogen, but was otherwise 
not abnormal. Her hemoglobin was 13 gm., 
Rbe 4.6 million, Whe 5,400 (neutrophils 61%, 
lymphocytes 39%). Her total serum bilirubin 
was 23 mg. per 100 ml., icterus index 100 
units, positive direct and indirect Van den 
Bergh reaction, 2+ cephalin-cholesterol floc- 
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test, fasting blood sugar 135 mg. 
per 100 ml. and blood urea nitrogen 12 mg. 
The spinal fluid was clear with no cells, no 
growth on culture, protein 10 mg. per 100 
ml., chlorides 740 mg., sugar 108 mg., and 
a normal colloidal gold test. No spirochetes 
were found on darkfield examination of the 
urine and skull 
revealed nothing abnormal. An agglutination 
test for Weil’s disease on 15 November, 1948, 
was negative. A blood culture taken on 10 
November and 20 November, 1948, vielded 
no growth. A heterophil antibody test on 21 
November, 1948, positive 
dilution of 1:28. The total serum protein was 
on 20 November, 1948. 

The temperature remained between 101 
and 103° F. during the first 48 hours after 
admission, and her jaundice became 
intense. About 5 days after 


culation 


Roentgenograms of chest 


was only to a 


7.8 gm. % 


more 
admission the 


child became semi-comatose with nuchal 
rigidity, hyperactive deep reflexes, rigid 
lower extremities, bilaterally positive 
Babinski reflexes. The lower edge of the 


liver was at the level of the umbilicus and 
very tender. The Whe rose to 24,000 with 
little change in the differential count. During 
the next week the coma deepened and. the 
child became more cachectic despite insti- 
tution of gavage feedings. 

Penicillin, 50,000 units every 3 hours intra- 
every 
$ hours orally, were given from 7 November 
to 15 November, 1948. On the 14th hospital 
day, 17 November, 1948, aureomycin was 
started. It was first given intramuscularly, 
every 8 hours, until 2 December, 
1948, when 250 mg. were given orally every 
t hours and continued to 15 January, 1949. 

The child appeared to be in a terminal 
state when aureomycin was started, but be- 
gan to show clinical and laboratory evidence 
of improvement about 2 weeks after the 
onset of aureomycin therapy. The jaundice 
disappeared, the abnormal central nervous 
system manifestations subsided, and_ her 
strength, general appearance, and appetite 
improved markedly. On 11 December, 1948, 
she was alert, asymptomatic, and was eating 
well. Her improvement continued, so that 
when discharged from the hospital, her physi- 
cal examination was entirely negative and 
she appeared clinically well. She was found 
to be in good health at a follow-up examina- 
tion 6 months later. 

Case 3 


muscularly, and sulfadiazine, 0.5 gm. 
‘ 


75> mg 


This 37 vear old white male vet- 
eran was admitted to Valley Forge General 
Hospital on 2 May, 1949, in hepatic coma. 
He had enlisted in the Army in July, 1942, 
spent 1 vear in the states, then 2 years in 


WHITLOCK, 
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the South Pacific theater. He had no history 


of jaundice nor any other serious diseases 
during his military service. He was dis 
charged in early 1946, remained well until 


late 1946 when he developed deep jaundic: 
lasting approximately 3% months. He had 
pruritus, but not much abdominal pain or 
fever. He 
hemorrhages, and for several days was irra 
tional but not had 
weight. He 


developed massive subcutaneous 
comatose. He extreme 


anorexia and lost considerable 
was treated at home by his family physician 
After 
following the onset of jaundice he had im 
proved to the point where he could take a 


job as a mail clerk. Tle had to quit work 


throughout this illness about 5 months 


however, in December, 1948. because of 
fatigue and “weak legs’. For the first 4 
months of 1949 he remained at home and 


led a sedentary lite Approximately 1 mont} 
prior to this hospitalization he felt wors« 
than usual and remarked that he thought his 
jaundice was coming back. Visibk 
did not 
weeks 


jaundic: 


become obvious, however, until 


later. The 
gradually increased but 


intensity of his jaundice 


was not accompan 
ied by abdominal pains or fever. He remained 
ambulatory at until 4 
hospitalization. His appetite was poor and he 
little food but continued to take 
drink of whisky periodically. Two davs_ be 


fore admission he fell to the floor while try 


home davs prior ti 


ate very 


ing to get out of bed and could not rise 
without help. One day later he became coma 
tose and was in this state when he arrive 


at Valley Forg: 

The patient had consumed. large 
of whisky least the 
He could not estimate the 
but stated that he had 
least every day. 


amounts 
past 10 
amount accurately 
whisky at 


over at vears 


had SO 


critically ill 
discoloration ¢ 


On admission he appeared 
with deep, greenish-vellow 
his skin and 
and could not be aroused by painful stimul 
Respirations were Cheyne-Stokes in charac 


sclerae. He was in dee p com 


ter; temperature 102°; pulse 120, and th 
evelids were adherent because of a_ vellov 
exudate. There were coarse inspiratory an 


expiratory rales bilaterally (probably due t 
aspirated vomitus ) 

dominal wall a large, 
below 


Through an obese al 
firm liver was palpab! 
the right 


cm. below the xiphoid process. The sple 


9 

12 cm. costal margin an 
15 

was not palpable on admission but was fe 


7 cm. below the left costal margin 2 week 


later. Blood pressure on admission w 
140/70. The genitalia revealed a very sm 
penis and moderately small testicles, wit 


an overabundance of pubic adipose tissu 
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There was no gynecomastia. Neurological ex- 
mination revealed positive Babinski signs 
bilaterally. 

Initial blood studies were as follows: White 
blood count 8,300 (3% bands, 71% segmented 
neutrophils, 21% lymphocytes, 4% monocytes, 
1% eosinophils). The hemoglobin was 9.7 
gm.; red blood count 3,000,000. The BUN 
was 18 mg. per 100 ml., blood sugar 108 
mg., serum CO, 66 volumes %, 1 minute 
serum bilirubin 19.4 mg., total serum. bili- 
rubin 28.4 mg. per. 100 ml. 

Initial therapy consisted of oxygen by 
mask, glucose and later Amigen_ intra- 
venously approximately 30000 ce. daily ), 2 
transfusions of whole blood and_ thiamine 
chloride, 200 mg. intramuscularly daily, plus 
repeated tracheal aspirations and constant 
nursing care. In addition he received aureo- 
mycin approximately 2 gm. daily parenterally 
intramuscularly intravenously) until 
> Mav, 1949, at which time he was main- 
tained on O56 gm. of aureomvycin every 6 
hours by mouth until 6 June, 1949. He 
received a total of 67 gm. of aureomycin. 
He remained comatose until 5 May, 1949 
3 days after starting therapy), at) which 
me he began to recognize people and to 
take fluids by mouth. From that time on his 
clinical course was one of gradual improve- 
vent although he became increasingly more 
wundiced during the first 2 weeks of hos- 
pitalization. His serum bilirubin reached a 
peak of 46.0 mg. per 100 ml. (28.4 mg.- 
| minute reaction) on 13 May, 1949. There- 
fter his serum bilirubin fell gradually until 

1 July, 1949, at which time it was 3.08 mg. 
per 100 ml. total. Other tests reflecting liver 
lysfunction were as follows: The thymol tur- 
bidity, which was 7.7 on admission, fell 
radually to 3.7; the thvmol flocculation 
aried between | and 34-, and the cepha- 
lin-cholesterol flocculation varied between 

and 34 throughout hospitalization. The 
total serum protein, which was initially 7.28 

m. per ml., fell in one week to 6.28 and 
hen rose to 6.5. The serum albumin, which 
nitially was 1.07, fell to 0.82 and subse- 
uently rose to 1.71. The serum globulin, 
‘itially 5.21 gm., was 4.79 gm. 3 months 
iter. The Kunkel gamma globulin ranged 
etween 5.7 and 10.4 gm. €. The total serum 
holesterol was initially 122 mg. per 100 ml., 
ith 21% esters, and rose to 125 with 30% 
sters on July. The prothrombin time was 
titially 35% of normal, gradually increasing 

55%. The 2 hour urine urobilinogen varied 
etween 0.25 and 2.7 Ehrlich units. The 
larrison spot test was originally 4+, and 
radually fell to 14. The total urine copro- 
orphyrins were reported as 251.2 y per 24 


hours at the time of admission. His Wasser- 
mann test was negative. An examination of 
stools for ova and parasites was negative. The 
stool culture grew Pseudomonas only. Urin- 
alyses, which initially showed 1+ albumin 
and 14 sugar, subsequently were negative. 
A chest roentgenogram on admission revealed 
nothing abnormal. A flat plate of the abdo- 
men showed enlargement of the liver and 
what appeared to be a slightly enlarged 
right kidney shadow. gastrointestinal 
Roentgen-ray series on 2 June, 1949, was 
negative except for a diverticulum of the 
duodenum. 

It was the opinion of the medical staff 
that this patient had portal cirrhosis with 
marked liver decompensation. This diagnosis 
was confirmed by a liver biopsy performed 
on 21 July. On 22 July BSP test showed 
41.8% retention in 45 minutes. The patient 
recovered from acute liver failure, but con- 
tinued to exhibit the findings of portal cir- 
rhosis. 

Case 4. This 60 year old white male 
claimed good health until 6 months prior to 
admission when he noted the gradual onset 
of weakness progressive abdominal 
swelling. There had been no prior serious 
illness but there was known hypertension 
for a period of 15 to 20 vears. Since the 
death of his wife 4 vears previously he had 
indulged in alcohol to considerable excess 
and the dietary intake, especially of late, was 
markedly deficient. There was no history of 
prior jaundice, no hemoptysis or melena, 
oceasional vomiting and severe anorexia. 

Physical examination revealed white 
male with appearance of chronic illness. 
There was no definite disturbance in’ sen- 
sorium. Scleral icterus was noted. Eves. re- 
vealed grade [1 hypertensive retinopathy. 
No lymphadenopathy. In the lings there was 
dullness at the left base and breath sounds 
were absent. There were rales in this area 
and at the right base. Cardiac examination 
was not remarkable. The blood pressure was 
200/100. There was a left sided gynecomastia 
and several spider angiomata over anterior 
chest and arms The abdomen was very 
markedly distended with abdominal fluid 
present. The liver was palpable but the exact 
size was not determinable because of marked 
abdominal swelling. It was not possible to 
determine palpability of the spleen for the 
same reason. There were a few dilated ab- 
dominal veins. The testes were not grossly 
remarkable. The rectum was normal on digi- 
tal examination. The extremities revealed 2+ 
pitting edema and hvperpigmentation. 

Impression on admission (August 22, 
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1949) was (1 diffuse hepatic fibrosis, de- 
compensating and possibly 
pl ul il 2) 


associated with 


effusion: 


hypertensive cardio 


vascular disease 
The patient was placed on a high 


low 


protein 
clic t with 


sodium (Lonalac) choline and 
vitamins 

Weight loss occurred 
week after admission. 
palpable 6 to S ecm 


almost immediately, 
the liver was 
below the right costal 
margin. The spleen was not palpable. By the 
end of weeks, there had 0 Ib 
attributable to diuresis. and th 
to mental con- 
stupor possibility of 


and a 


been a 
weight loss 
patient 


demonstrate 

Phe 
imbalanc e Was 
electrolytes 


he van 
ind elec 
trolyte considered. 
serum Na 128 mEq. 

serum K 3.8 mEq 
thought in conjunction 
with other laboratory tests that this was not 
primarily — electrolyte and it 


t coma secondary to he patic faihair 


Serum 
reve ale d 
moderate depression), 


low normal It was 


disturbance 
d th 
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On October 15th, he had improved suf 


ficiently to be ambulatory There was no 
eppreciable change in the abdominal find 
ings, and this state continued until the morn 
ing of October 22nd (13 davs after it was 
noted by the Resident that his mental state 
was clearer than at any time since admission 


12 davs after 


when he 


and cessation of aureomvein 
mental 
stupor, and then lapsed into coma 


continued. On October 24th 


demonstrated contusion 


This state 


Was 
begun intravenously, and on October 26th 
he became conscious, although the sensorium 
was disturbed See Fig. continued 
to nnprove sluwiv but steadily ind on No 
vember 30, aureomvein was discontinued 


By November 20th (as noted by 
fairly well 


lowing dav definite 


ward staff 

but the fol 
ind marked evidence ot 
disorientation was noted and he was placed 
on This condition 
gradually worsened and he slipped into coma 


he seemed oriented 


intravenous medication 


was Imminent. (CO, 27 vols. % BUN 24 mg m November 24th. Aureomycin was reinsti 
tuted but the comatose stat persisted until 
SEPT. OCT. NOV. DEC. JAN. FEB. 
T T T T T T 
NS 
DS 
P&PC 
COMA 
AUREO = Rew 
bic. 1. Case 4.—Diftuse he patic fibrosis with hepatic insufficiency. Course in hospital as related t 
aureomycin therapy 0.5 gm. every 6 hours. NS normal sensorium: DS disturbed sensorium 


P& PC 


pre ind post coma: coma 


Attempts were made to relieve the acidosis 


and the patient seemed to recover from his 


comatose state, but 2 davs later (S ptember 
13, 1949) became comatose again, and on 
Sept. 16, 1949, was again out of coma but 


still revealed generalized CNS phenomena 


On September l7th, the patient was once 
again comatose and seemed in a terminal 
condition 

At this time, in addition to the usual 
regimen, he was given aureomvcin 0.3 gm 


every 6 hours intravenously and later by 
mouth. During the following 8 days. h 
began to improve steadily and by October 
9th, he was m« ntally clear, his appetite was 
good, his weight had dropped 30 Ibs. from 
the admission weight. He began to be in- 
tolerant of oral aureomycin, and on October 
aureomvein was discontinued. 


he patic coma; aureo 


aureomvein, intravenous or oral 


28th 
to minor stimuli 


November when he began to respond 


From this time on, he con 
tinued slowly to improve until December 7tl 
when he definitely ot coma, an 
swered questions rationally, and began taking 
food by 


was out 
mouth. 

He improved steadily. The hospital cours: 
became complicated by 3 « pisodes of circula 
ry collapse, eal h following moval otf con 
siderable fluid (1500 to 2000 ce from the 
left pleural space. The last the fluid 
culture paracolon bacilli 
Despite these episodes, he continued to im 
prove steadily subjectively, although — the 
physical examination of abdomen and_ th: 
he patic¢ 


time, 


on demonstrated 


tests showed no significant chang: 
course of cortisone was begun on Februar 
13th, 1950 (to be reported elsewhere 


on February 16th he 


showed 
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berrations and became incontinent. This 
tate persisted with evidence of a rising BUN 
ind creatinine. On February 20, 1950, the 
supply of aureomycin was exhausted, and 
thence discontinued. On February 22. follow- 
ng removal of 3000 cc. of pleural fluid, he 


went into pr ripheral circulatory collapse and 


lied 

Autopsy Report. 1, Portal Cirrhosis. Gross 
Description. Liver weight, 1280 gm. The 
surface was marred by irregularly placed 
oe s of pale tan tissue vi wying in size trom 

2 to 0.6 cm. The capsule was not thickene d, 
Th parenchyma was verv hard. On section 
numerous small nodules projected from the 
surface. Some of these appei ared vellow or 


orange in color. Between them were thin 


bands of grey tissue. None of the usual land- 
marks wert recognizable. A tew vessels were 
prominent. Microscopic. Sections disclosed 
the parenchyma of the liver to consist of 
arving sized nodules. of hepatic cells ar- 
ranged in cords. The nodules were widely 
eparated by bands of connective tissue com- 
chiefly of collagenous fibers and con- 
densed reticular fibers. In this connective 
tisstre, lear cells were frequent, as 
were bile ducts. The blood vessels were tor 
the most part thin walled and small but a 
few well developed arteries were present. 
Within the hepatic nodules several changes 
were observed. Some of the cells contained 
lipid vacuoles while others were filled by 
‘lobules of golden brown pigment. Central 
cins were distorted in outline. Some veins, 
together with adjacent sinusoids, were con- 
ested. Foci of intranodular fibrosis were 
lso seen 

2, Other postmortem findings: a, Left 
pleural empyema (paracolon infection). b, 
Left ventricular hypertrophy. ¢, Advanced 
irteriosclerosis. d, Atelectasis left lung; acute 
dema, right; emphysema. e, Congestive 
plenomegaly.  f, Nephrosclerosis; chronic 
velonephritis. g,. Marked testicular atrophy. 

Gynecomastia. i, Thrombosed esophageal 


irices, 


Discussion. In cases of “acute yellow 
itrophy” or acute hepatic necrosis, 
isually secondary to viral hepatitis, it 
s well re cognized that the more severe 
legree of necrosis occurs in the left 
obe of the liver. The blood in the 
ortal vein which reaches the left lobe 
lrains to a great extent the large 
owel, as well as the spleen and stom- 
ch, while that which reaches the 


right lobe drains primarily the small 
intestine. The difference between the 
2 lobes in the degree of necrosis has 
been attributed to the difference in 
nutriments entering these lobes from 
the respective bowel segments. The 
work on aureomycin reported above, to- 
gether with studies on rats (Gyorgy, 
Stokes, Smith, and Goldblatt, Am. J. 
Med. Sci., 220, 6, 1950) strongly sug- 
gest that the division of nutriments 
between the 2 liver lobes may not en- 
tirely account for the difference in the 
degree .of necrosis, but that absorption 
of bacteria, bacterial products, or ma- 
terials formed by bacterial action on 
bowel contents may be a far more im- 
portant factor. Bacterial action and 
numbers of bacteria are far greater in 
the lower bowel than in the upper, 
and thus blood draining the lower 
bowel and going to the left lobe may 
carry with it sufficient organisms or 
products of organisms to increase dif- 
ferentially the degree of necrosis in 
this lobe. 

The apparent response to aureomy- 
cin here recorded appeared to be suf- 
ficiently striking in the first 2 cases 
and in the 4th case to suggest strongly 
an improvement resulting from the 
activity of this drug. In Case 4 the 
cessation of coma appeared to be 
clearly related on 3 successive occa- 
sions to the administration of aureo- 
mycin. This action could have oc- 
curred in the intestinal tract or by 
antibacterial action within the liver 
itself, or possibly within the circula- 
tory system. It is also possible that 
aureomycin may have had some direct 
action on the liver itself. 

The possibility of favorable action 
by aureomycin is further supported 
by the fact reported in Part IV, 
namely, that in a number of cases of 
chronic liver disease, when aureomy- 
cin therapy was stopped, the liver dis- 
ease immediately increased in severity, 
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as indicated by’ the clinical picture 
and by a number of liver function 
tests. 

Summary. Four cases of acute hepat- 
ic coma—2 secondary to acute viral 
hepatitis, and 2 to portal cirrhosis— 
were treated both parenterally and 
orally with aureomycin. All improved 
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shortly after such therapy was started. 
In 3 cases the improvement was suf- 
ficiently striking to suggest that aureo- 
mycin may well have been responsible 
for the change. In Case 4 it is difficult 
to attribute the improvement to any 
therapy other than the parenteral aure- 
omycin. 
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STUDIES ON THE USE OF AUREOMYCIN IN HEPATIC DISEASE® 
IV. AUREOMYCIN THERAPY IN CHRONIC LIVER DISEASE’*’* 
With a Note on Dermal Sensitivity 


By JAMes M. SHArrer, Capt. (MC) AUS 


Lewis W. BLueMLeE, Jr., Capt. (MC) AUS 


Vicror M. Sporov, M.D. 
AND 


Joun R. NEEFE, M.D. 


PHILADELPHIA, 


From the Army Hepatic and Metabolic Center, Valley Forge General Hospital, Phoenixville, 


PENNSYLVANIA 


Pennsylvania, and the Hospital of the University of Pennsylvania) 


THIRTEEN patients with chronic liver 
disease were used in this study. There 
was one 17 year old white female; the 
rest were male patients (11 white and 
| negro), ranging in age from 15 to 
3S years. This group of patients had 
been under observation from 4 to 15 
months. Eleven were studied at the 
\rmy Hepatic and Metabolic Center 
and 2 (Cases 2 and 6) were under the 
care of one of the authors (J. R. N.). 
Nine of the cases gave a history of 
what appeared to be acute viral hepa- 
titis with jaundice at some time prior 
to the present hospitalization. One 
Case 7) had no clear-cut history of 
hepatitis or jaundice but was known 
to have had a maximal exposure to 
viral hepatitis in Italy during World 
War Il. Two cases had _ portal 
irrhosis, etiology undetermined, but 
robably on an alcoholic and, or, 
wutritional basis. One (Case 6) with 
iepato-splenomegaly, abnormal liver 
unction tests, and cellular infiltration 
ind increased fibrous tissue on liver 


biopsy was difficult to classify from the 
standpoint of etiology. The patients 
selected for this study were those who 
appeared to be relatively stable after 
a suitable period of observation on 
the usual therapeutic measures em- 
ployed in chronic liver disease, i.e., 
bedrest, nutritious diet, and vitamin 
supplements. The attempt was made 
to continue the same general manage- 
ment during and after aureomycin 
therapy as had been employed during 
the observation period prior to insti- 
tuting aureomycin treatment. 


Methods and Materials. The diagnosis of 
chronic liver disease in this group had been 
made on the basis of history, physical find- 
ings, and laboratory studies of hepatic func- 
tion. In all cases a needle biopsy of the liver 
was obtained before aureomycin therapy was 
started. A battery of liver function studies was 
performed in all cases of frequent intervals 
before, during and after aureomycin  treat- 
ment. These studies included the 1 minute 
and total serum bilirubin determination, thy- 
mol turbidity and thymol flocculation tests, 
cephalin-cholesterol flocculation test, Kunkel 
gamma globulin determination, Harrison spot 


* This work was supported by the Commission on Liver Diseases of the Armed Forces 
pidemiological Board, Preventive Medicine Division, Office of the Surgeon General, Wash- 


ngton, D.C. 


** Presented in abstract form at a meeting of the Commission on Liver Diseases, Armed 
orces Epidemiological Board, October 15, 1949, Walter Reed General Hospital, Wash- 


ngton, D.C. 
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test and 2 hour urine urobilinogen determina- 
tion. When indicated the 5 mg. per kg., 45 
minute bromsulfalein dye retention test. was 
used to follow. the progress of the patients 
Other laboratory studies included the deter- 
mination of alkaline phosphatase, prothrom- 
bin time, serum albumin and globulin, total 
cholesterol and cholesterol esters. Iwenty- 
four hour urine urobilinogen determinations 
were obtained when indicated. During and 
for a suitable period after aureomyecin. ther- 
ipy, complete blood counts, routine urinalv- 
ses, prothrombin times, and bleeding and 
clotting times were obtained at weekh inter 
vals in the 11 cases followed at the Army 
Hepatic and Metabolic Center. 

Aureomycin was administered orally in 250 
mg. capsules. The usual dosage schedule was 

gm. a day (0.5 gm. every 6 hours) for 
30 davs. One patient received 2 courses of 
aureomycin consisting of 40 gm. in 13 davs 
and followed after an interval of about 
weeks by 60 om. in 30 davs. Two cases 
have received a total of 120 gm. in 60 days 
In | Case 
gm. to 15 gm. a day for 66 davs One 


the dosage varied from 0.75 


Case 6) received 2 gm. a dav for 60 days 
and has now been continued on a dose of 
gm. a day for 40 days. 

With the exception of the 2 cases which 
have just completed a 69 day course of 
aureomycin, and the 1 case still on 1] gm. a 
dav, all of the patients in this group have 
been observed for 1 to 4 months after dis- 
continuing the drug. (Four other cases” of 
chronic liver disease now receiving aureomy- 
cin are not included in this report. ) 


Toxic REACTIONS TO AUREOMYCIN. In 
only one case, the 17 vear old female, 
did therapy have to be discontinued 
because of the development of severe 
nausea and anorexia. Mild to moderate 
gastric distress was not unusual in most 
of the other cases, but was fairly well 
relieved by aluminum hydroxide gel or 
small feedings given with the aureo- 
mycin. Burning and itching about the 
rectum occurred in a few cases. Most 
patients had frequent loose bowel 
movements during the first few days 
ot aureomycin treatment and a few 
patients developed frank diarrhea. The 
female patient developed a_ diffuse 
petechial rash of the forearm extending 
from the elbow to the wrist following 


the application of a tourniquet for col 
lection of a blood specimen. This phe 
nomenon occurred at the completion of 
her first 66 day course of aureomycin, 

In none of the LL cases Observed at 
the \rmy Hepatic and Metabolic Cen 


ter were any significant changes in the 


urine, blood counts bleeding and clot 
ting times or prothrombin times ob 
served during or after aureomycin 
therapy. 

DerMAL SENSITIVITY TO AUREOMYCIN 
In 5 cases skin changes were observed 
which appeared to be related to aureo 
mycin therapy. Of interest is the fact 
that in 4 of these patients exposure to 
sunlight seemed to be an initiating fac 
tor in the development of the skin 
changes. This fact suggests that aureo 
mycin may be a photosensitizing drug 
In 3 of the 5 cases nail changes wer 
associated with the skin lesions. Case 
| developed what appeared to be an 
unusually severe sunburn on the dorsum 
of both hands after exposure to sun 
light on the 10th day of aureomvein 
therapy. The skin lesions consisted of 
erythema and induration with papulo 
vesicular lesions which gradually dried 
and were followed by peeling of the 
skin of the involved areas. On the 25th 
day of aureomycin treatment. this pa 
tient complained of numbness of both 
thumbs, followed by discoloration of 
the thumbnails with loosening from the 
nail beds, and hemorrhage into one nail 
bed. Since discontinuing aureomycit 
these nail changes have gradually im 
proved. Harris! has reported a similar 
observation in one female patient as 
well as a solar dermatitis in 2 mal 
patients. Case R. H.. a 27 vear ol 
white male, developed skin lesion 
similar to Case 4 on the I5th day of! 
aureomycin therapy, and again aft 
exposure to sunlight. About 2) day 
later he noted soreness and tendernes 
of both thumbs. He subsequent 
developed slight separation of the in 
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olved nails from the nail bed but no 
nail bed hemorrhage was observed. 
he skin lesions in this case gradually 
improved with local symptomatic treat- 
ment and this patient went on to com- 
plete a 60 day course of therapy with 
o further skin or nail changes. Case 
R. M., a 35 old’ white male, 
developed ‘severe erythematous, 
indurated, sharply marginated eruption 
of the dorsum of the hands and fingers 


yvear 


with papulo-vesicular lesions on the 
Sth dav of aureomycin treatment. The 


left side of the face and 


nose were 
less severely involved. These lesions 
developed after an automobile trip dur- 
ing which the hands and face were 


exposed to sun and wind. These lesions 
gradually subsided with local therapy 
but recurred with severe pruritus on 
the 27th day of aureomyein therapy. 
This recurrence was not related to ex- 
to sunlight. After stopping 
wureomycin the recurrence gradually 


posure 


subsided. Two fingernails in this case 
showed slight) separation from 
the nail bed. A’ skin biopsv from the 


Very 


involved area in this case was inter- 
preted as showing a diffuse subacute 
dermatitis. Case 6 while on aureomvein 
was observed to be definitely sensitive 
to sunlight and burned severely with 
little exposure. In previous vears he 
had always tanned rapidly and had 
ot burned as he did while receiving 
Case 3. T., a @& 


male 


ureomvein. vear 
developed pruritus 
the feet and legs on the 2nd day 
aureomvecin treatment followed by 
ie onset of pruritic papulo-vesicular 
sions on the hands, fingers, forearms, 


ld negro 
ot 


gs, and on the ears. There was no un- 
sual exposure to sunlight in this case. 
he patient stated that there was an 
acerbation of the pruritus with new 
ops of lesions about 1's hours. after 
ch dose of aureomycin. The admin- 
ration of an antihistaminic drug af- 
rded considerable relief from the 
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pruritus and the skin lesions receded in 
size but were still visible. The antihis- 
tamine was discontinued at the com- 
pletion of the course of aureomycin, 
and 24 hours later the skin lesions 
recurred, again with marked pruritus. 
This recurrence gradually subsided in 
about 1 week. 

Limited attempts to reproduce the 
type of skin changes seen in the cases 
described above by exposure to ultra- 
violet light or sunlight have so far 
unsuccessful. these 
patients receiving aureomycin with no 
evidence of changes were first 
Small the extremities 
were exposed to graduated doses of 
ultra-violet light with no unusual reac- 
tions. Case RK. H. while still on aureo- 
mvein was similarly exposed to ultra- 
violet light with no unusual reaction. 
Case RK. M. was exposed to ultra-violet 
light after the aureomycin had been 
discontinued and showed uriusual 
reaction. 


been studies 


used. areas on 


Case Reports. Cast 1. E. S., a 22 year 
old white male with first episode of hepatitis 
with jaundice in November, 1947. The patient 
made an apparently normal 
was well until July, 1948, when he again 
developed jaundice, and malaise. 
Jaundice did not subside and patient was 
transferred to Valley Forge General Hospital 
from October, 1948. Physical 
findings at that time were essentially negative 
except for an acneform eruption of the 
abdomen, back and shoulders and 
jaundice of the skin and sclerae. The liver 
was not palpable or tender. Blood counts 
were normal except for a slight anemia. The 
1 minute serum bilirubin 2.5 mg. per 
100 ml. and the total serum bilirubin 4.6 
mg. %. The cephalin-cholesterol and thymol 
flocculation tests were strongly positive and 
the thymol turbidity elevated to 9 to 12 units 
(normal 3.0 The total cholesterol 
was 192 mg. per 100 ml. with 51% esters. Pro- 
thrombin times ranged from 50 to 65% of nor- 
mal. The total serum proteins were elevated 
with a serum globulin of about 7.5 gm. % and 
the serum albumin about 3.0 gm. %. The 
urine was positive for bile. This patient's 
course has been charted in Fig. 1. This pa- 
tient was asymptomatic, afebrile, eating well 


recovery and 


anorexia 


overseas) in 


obvious 


was 
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and maintaining his normal average weight. 
\ liver biopsy in January, 1949, showed 
marked distortion of the ‘liver architecture 
with fibrous tissue, inflammatory cells and 
proliferating bile ducts. The diagnosis was 
chronic hepatitis with marked cirrhosis. his 
patient had been on strict bedrest, with a 
high caloric, high protein diet with vitamin 
supplements for over 3 months at this hospi- 
tal with no striking change. On 7 February. 
1949, he was started on the first of 2 courses 
of oral aureomycin. He was started on 4 gm 
a day, but developed nausea and anorexia 
which subsided whe n the dosage Was re duced 
to 2 gm. a day. The first course of 10 gm 
was completed on 20 February, 1949, A 2d 
course of oral aureomvycin was begun on 
10 March, 1949, with 2 gm. a day admin 
istered for 30 days Intravenous glucose was 
started between courses of aureomvein, and 
given 5 days a week during and for a short 
time following the second course of aureomy\ 
cin. During this time he also received intra- 
venous concentrated human albumin. 50 gm 
a week As can be seen from Fig. 1, this 
patient has shown a definite gradual improve- 
ment since the institution of the aureomvein, 
glucose, albumin therapy The serum. bili- 
rubin determinations have been within nor- 
mal limits for 3 months. The Hocculation 
tests have gradually returned toward normal 
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The urine has 
been consistently negative for bile. Bromsul 


as has the thymol turbidity 


talein dve retention tests have been pe rformed 
at intervals since the jaundice disappeared 
and have shown a progressive decrease trom 
16.2 to 7.6% retention in 45 minutes. 
patient was gradually ambulated after his 
jaundice disappeared and he has been on 
normal activity for 2 months. Of interest. is 
the fact that the patient's liver has become 
palpable and now extends from 5 to 7 em 
below the right costal margin on deep in 
spiration. Iwo needk biopsies of the liver 
have been obtained subsequent to comple 
tion of the rapyv. One was obtained 18 days 
after completing aureomycin and the second 
f months after completion of treatment. Thess 
biopsies showed an the amount 
of relatively normal liver tissue. Llowever 
scattered throughout these areas were in 
creased numbers of fibroblasts and areas ot 
round cell infiltration. There were also still 
large areas of fibrous. tissue with bile duet 


proliferation 


Case 2. J. T., a 17 year old white femak 
who developed anorexia with no other un 
usual symptoms in January, 1948, Six months 
later it was observed by others that her skin 
and sclerae wer jaundiced. The jaundice per 
sisted despite a month of bedrest. The patient 
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was seen by one of us (J. R. N.) in February, 
1949, at which time she had been jaundiced 
for 5 months. The only symptoms during this 
time were intermittent nausea and pro- 

unced weakness. Physical examination re- 

led a jaundiced white female with mod- 
crately severe facial and neck acne. There 
were venous blue angiomata on the forehead, 
ut the left border of the nose, and in front 
of the left ear. The liver was palpable laterally 
md had a rounded, firm, non-tender lower 
border. The tip of the spleen was just palpa- 
ble. Laboratory studies showed a normal white 
blood count and differential. The hemoglobin 
was 12 gm. Urinalysis was negative except 
for a trace of albumin and was positive for 
hile. Liver function studies showed a 1 minute 
serum bilirubin of 4.1 mg. and a total serum 
bilirubin of 7.2 mg. The cephalin-cholesterol 
ind thymol flocculation tests were strongly 
positive. The thymol turbidity was 8.0 units 
md the alkaline phosphatase 10.5 Shinowara 
units. The total cholesterol was 169 mg. per 
100 ml. with 50% cholesterol esters. Pro- 


thrombin time was 57% of normal. The serum 
albumin was 2.8 gm. % and the globulin 5.8 
gm. %. Cholecystograms failed to visualize the 
gallbladder. Needle biopsy of the liver on 
15 March, 1949, was interpreted as showing 
chronic active hepatitis with early diffuse 
hepatic fibrosis and post-necrotic scarring. 
This patient developed pruritus for the first 
time on 8 March, 1949. The first course of 
aureomycin was started on 21 March, 1949, 
with a dosage of 250 mg. every 4 hours. 
The dose was reduced to 250 mg. every 6 
hours after 1 week. On 3 May, 1949, the 
dosage was reduced to 250 mg. every 8 
hours, and the first course of aureomycin was 
completed on 26 May, 1949, with a total 
dosage of 61.5 gm. in 66 days. The patient's 
course is charted in Fig. 2. While on aureo- 
mycin the patient's general well-being im- 
proved. Her weight increased 5 Ibs. and as 
can be seen from Fig. 2, her jaundice de- 
creased in intensity. However, 2 weeks after 
the aureomycin was discontinued she became 
more jaundiced and developed slight nausea, 
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malaise, and discomfort in the back and 
epigastrium urine agai became dark inh 
color and the sclerae were again detinitels 
icteric. Physical examination at this time re 
vealed slight epigastric tenderness. The liver 
was difhcult to palpate and the spleen) was 
still palpable. A second course of aureomvein 
Was started, but had to be discontinued be 
cause ot the development of nausea and 
anorexia, As can be seen from Fig. 2. this 
patient had a definite relapse after the first 
course of aureomyein was discontinued. 
Thereafter the 


downhill and the patient subsequently died 


COUTS¢ Was progressively 
from massive he patic necrosis about 5 months 
atter the onset of the relaps« 


Case 3. J. D.. a 31 vear old white male 
with first episode of hepatitis with jaunclice 
in January, 1947. He mad 
uneventful recovery and was well until July, 
1947, when he again developed dark urine, 
anorexia and jaundice Phe 


an appare ntly 


jaundice again 
subsided on bedrest and the usual hepatitis 
regime, but he continued to have an abnormal 


bromsulfalein retention of from S to 12% in 
15 minutes. After 4 months’ hospitalization, he 
was returned to duty and felt well until July, 
1948, when he again developed jaundice with 


rged, tender liver. The jaundice again 


rapidly subsided, but he continued to have 


an elevated BSP retention as we ll as a posi 


tive thvmol Hocculation test and an clevated 
thvmol turbidity. BSP tests at intervals from 
August ti December. L948 showed trom 9 


=U retention in 45 minutes Despite all 
idvice this moderate 
ts of alcohol throughout his illness. He 
Was returned to the United States from over- 
seas in December. 1948, and was admitted 
to this hospital 1 January, 1949. At that time 
he felt well 


patient consumed 


Physical examination this 
time was negative except for injected sclera 
ind a few small spider naevi on the back 
The liver and spleen were not palpabl 

Laboratory studies showed a normal white 
unt and differential. The hemoglobin 
gm. Urinalvsis was negative. Liver 
function tests showed a normal 1 minute and 
total serum bilirubin. The thymol turbidity 
was slightly elevated to 4.4 units and the 
thyvmol flocculation test w is 0 to 14 The 
cephalin-cholesterol flocculation test was nega- 
tive. The urine was negative for bile. The 
ilkaline phosphatase was 8 King- Armstrong 
units and the BSP t st showed 15% retention 
in 45 minutes. The total chole sterol was 250 
mg. per 100 ml. with 71% esters. The total 
serum proteins were 7.36 gm. %@ with an 
ilbumin of 4.46 gm. % and a globulin of 
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2.90 ui t Need biopsy ol the liver ol 
24 February. 1949 


hepatitis with moderate 


showed chronic active 
cirrhosis fatty 


infiltration, During a period of 2% 


months on 
an ambulatory” status, with a high caloric 
high protein diet there was no change in the 
liver function studies except that the BSI 
retention increased to 17.5% and then 27 
on 15 Mareh, L949. The patient was starte« 
on a 30 dav, 60 gm. course of aureomvein or 
21 March, 1949. His only reaction to the dru 
Was intermittent diarrhea. During aures 
mvein therapy the BSP retention gradualh 
decreased to a low of 4.3% 9 davs after con 
pleting the course of therapy. The thyme 
turbidity test also dropped to within norm 
limits Complicating the evaluation of — thi 


case is the fact that this patient reduced hi 


alcohol consumption for a period preceding 


and during aureomvein therapy lle was ob 
served for 3 > months following aureomvcit 


treatment and during this time he had 


L week episode of moderate to heavy leoho! 


intake Subsequently his BSP retention in 
creased to a pe ak of 33.5% and then raduall 
decreased to 8.7% after adhere 
more closely to. the recommendation to ab 
stain from alcohol. needle 
liver performed at th completion of th 


biopsy of thi 


day course of aureomyvcin was interpreted 
showing no_ significant improvement in tl 


pathologic al picture 


Case 4. H. M., a 32 vear old white mal 
who had the onset of anorexia, nausea. chil] 
and fever, dark Urine and jaundice In August 
1948. He made an uneventful recovery ¢ 
routine management until about 12 Octobe: 
1948, when his 


been cle aring, bec 


which ha 
and 
bilirubin increased from 

to 4 mg. He was returned to the United Stat 
trom overseas in November. 1948 ind 

rived at this hospital on 27 December, 194 
and afebrile itt] 


time. Physical examination was not remark 


jaundic e, 
cle ( pt 


total serum 


He was asymptomatic 
bh except for slightly icteric lerac 
liver was not palpable or tender. Laborat: 
studies were within normal limits except | 
the liver function tests which showed a n 
mal minute serum bilirubin but al 
sistently elevated total serum bilirubin of fri 
12 to 2.0 mg. per 100 ml. The thy 
turbidity ranged from 3.2 to 9.9 units ar 
the thvmol flocculation te st from 24 to 3 
The cephalin-chole sterol flocculation test w 
slightly positive. The urine was negative { 
bile. The BSP test showe d from 4 to 5% rete 
tion in 45 minutes. The prothrombin. ti 
ranged from 86 to LOO% of normal. The t 
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lesterol was 330 mg. per LOO mil. with 
esters. The total serum protein was 7.63 

i f with the albumin 3.89 gm. % and the 
ibulin 3.74 om. & On bedrest the thymol 
turbidity returned to normal and the floccula- 
m tests became negative. However, the 
tal serum: bilirubin continued to be slightly 
evated, A needle biopsy of the liver was 
tained on S March, 1949, and was inter- 
eted as showing no. significant abnormali- 
This patient was started on a 30° day, 

) gm. course of aureomvein on 26 April, 
After | week the course of treatment 
s interrupted when the patient was absent 
ithout leave for 6 days. The treatment was 
en completed without) further interruption 
complic ition except for skin and nail 
described in more detail in the seec- 
tion on dermal sensitivity to aureomvein. No 
mificant change in the total serum bilirubin 
vel was noted until the completion of the 
ourse of aureomyein when a value of O.86 
was reported. Three subsequent determi 
itions in the following week ranged up to 
1.02 mg. These determinations of the total 
rum bilirubin were the only normal values 
eported in the 6 months this patient had been 
under observation here. However, | month 
later the total serum bilirubin was again 2.0 
to 2.5 mg. and was still in this range 2 months 
tter completing aureomycin therapy when he 


\ ‘ lost from obse rvation, 


Case 5. 8S. C.. a 49 vear old white male 
ho developed hepatitis with jaundice in 
42 after receiving vellow fever vaccine. He 

s ambulated at that time before his jaun- 

e had disappeared and continued to have 

iptoms of fatigue, malaise and lethargy 

ich slowly subsided after several months. 
In the intervening 7 vears he had no known 
recurrence of jaundice. During this time he 
| have intolerance to fatty foods, and fre- 
ent bloating after meals. In the 6 months 
tore he was seen at this hospital his gastro- 
testinal svinptoms had become somewhat 
re severe and accompanied by. slight 
orexia. He had never been a heavy drinker 
| had abstaine dl from alcohol completely 

6 months after his hepatitis and since 
n had been only a social drinker. Physical 
imination was negative except for injected 
erae, The liver and spleen were not palpa- 

Roentgen-ray examinations of the gastro- 
estinal tract and gallbladder revealed no 
normalities. Stool examinations were nega- 
te for ova and parasites. Blood counts and 
noglobin were normal and urinalysis was 


rative Liver function studies were all 
\ thin normal limits except for the BSP test 


which showed 17.2 and 18.9% retention in 
45 minutes on 2. determinations. Needle 
biopsy of the liver obtain 12 April, 1949, 
showed moderate to severe fatty meta- 
morphosis. The patient was on an ambulatory 
status during hospitalization. He was started 
on a 30 day, 60 gm. course of aureomycin 
on 3 Mav, 1949. The only side effects to the 
drug noted in this case were moderate gastric 
distress, a short period of diarrhea, and itch- 
ing and burning of the rectum. BSP tests 
done at 2 week intervals during the course 
of aureomycin showed 16.2%, 20.0% and 
22.5% retention in 45 minutes. The first drop 
in BSP retention was not observed until al- 
most 2 months after the aureomycin therapy 
Was completed, when the test showed 7.1% 
dye retention in 45 minutes. A needle biopsy 
ot the liver performed 2 months after the 
completion , of the course of aureomycin 
showed no improvement the histological 
picture, Subsequent follow-up this case 
has shown a gradual rise in the BSP reten- 
tion. Two and one-half months after the 
completion of aureomycin treatment the BSP 
retention was again 19% in 45 minutes. Sub- 
jectively the patient improved with an in- 
crease in strength and energy, and with fewer 


gastric symptoms. 


Case 6. D. W., a 15 vear old white male 
referred to one of us (J. R. N.) in April, 
1949, because of bleeding gums and hepa- 
tomegaly. In 1947 the patient had recurrent 
attacks of abdominal pain which disappeared 
after eggs were eliminated from the diet. In 
the fall of 1948 bleeding of the gums was 
first noted which was mild at first but became 
worse in January, 1949. There was no other 
site of bleeding. Physical examination —re- 
vealed a dry skin, with moderate acne and 
a few slightly raised reddish papules on the 
soles of the feet. There was a questionable 
slight scleral icterus. The gums were spongy, 
hypertrophied and bled easily with slight 
trauma. Moderate gynecomastia was present. 
The liver edge descended 3% cms. below the 
right costal margin, was fairly firm and non- 
tender. The spleen was palpable 4 cm. below 
the left costal margin. Laboratory studies 
showed a white blood count of 8300 with a 
differential count of 59 neutrophils, 26 lym- 
phocytes, 11 monocytes, and 4 eosinophils. 
The platelet count was 180,000 and the hemo- 
globin 75% with a red blood count. of 
4.100.000, Urinalysis and serology were nega- 
tive. Hepatic tests showed a 1 minute serum 
bilirubin of 0.38 mg. with a total serum bili- 
rubin of 1.08. The thymol turbidity was 6.4 
with a 34 thymol flocculation. The cephalin- 
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cholesterol flocculation test was 3+ in 24 
hours. BSP retention was 24.7% in 45 minutes. 
The serum albumin was 3.9 gm. with the 
globulin 4.3 gm. The alkaline phosphatase 
was 13.5 Shinowara units and the prothrom- 
bin time 66% of normal. The total cholesterol 
was 125 mg. per 100 ml. with the choles- 
terol esters 48%. Cholecystogram showed an 
abnormally functioning gallbladder which 
visualized faintly and which became slightly 
smaller after a fatty meal. Bone marrow 
examination showed a very cellular marrow 
with a moderate normoblastic hyperplasia 
with some evidence of delay in maturation. 
The megakaryocytes were numerous and prob- 
ably increased above normal. A needle biopsy 
ot the liver on 9 Mav, 1949, showed moderate 
vacuolization of the liver cells with a mod- 
erate number of fine to medium sized fat 
globules. The periportal spaces were much 
enlarged due to cellular fibrosis. There was 
also considerable infiltration with Ivmphoid 
cells and some eosinophils. In addition ther 
was an increase in the small bile ducts. The 
patient was started on aureomycin 2 gm. a 
day on 16 May, 1949. On 21 Mav the drug 
was discontinued for 48 hours because of 
mild gastrointestinal symptoms but was then 
resumed. While on aureomycin this patient 
was observed to be sentitive to sunlight and 
burned severely with _ little exposure. The 
aureomycin was reduced to 1 gm. a day on 
18 July and has been maintained at this 
dosage for 40 days at the time this report 
was prepared 

During aureomycin therapy this patient's 
general condition improved and_ skin 
lesions cleared The liver and spleen de- 
creased in size but remained palpable. Hepatic 
function tests have shown a slow, gradual 
trend toward normal. The serum bilirubin has 
dropped to within normal limits. The col- 
loidal red test has gone from 4+ to 1+ and 
the BSP retention decreased slightly to 224% 
in 45 minutes. The cholesterol esters gradu- 
ally increased from 43% in April to 70% in 
August, 1949. The general over-all impression 
in this case has been one of definite improve- 
ment. At present it is planned to maintain 
this patient on aureomycin for an indefinite 
period. 


Case 7. N. P., a 37 vear old white male 
with no clear-cut history of liver disease prior 
to 1948. While in the Army in 1944 he was 
quartered in Italy with a group of 12 men, 
of whom about 50% developed acute viral 
hepatitis with jaundice. The patient was well 
until June, 1948, when he developed pain 
in the epigastrium and right upper quadrant. 
No jaundice or dark urine was observed. In 
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October, 1948, at another hospital, liver 
function tests showed borderline abnormalitic 
with a BSP retention of 6%, increased 24 how 
urine urobilinogen and slightly positive floc 
culation tests. Subsequent follow-up studis 
showed a progressive development of ab 
normal hepatic function manifested mainh 
by BSP retention which gradually increased t 
17% in June, 1949, prior to admission to thi 
hospital. A needle biopsy of the liver in Feb 
ruary, 1949, showed cellular infiltration, som. 
destruction of liver cells. and an increase. i 
fibrous tissue. A second biopsy in May, 1949 
showed progression of the liver disease wit! 
considerable destruction of liver cells adjacent 
to areas of fibrosis. The lobules were greath 
altered in comparison to the first biopsy. A 
diagnosis of chronic hepatitis and early cir 
rhosis was made, This patient was placed o1 
bedrest and started on a 30 day course of 
aureomycin on 7 June, 1949. At that tim: 
he was essentially asymptomatic and the onl 
positive physical findings were palpabk 
liver 4 ecm. below the right costal margi 
which was slightly tender. The spleen was 
just palpable below the left) costal margi: 
and there were a few small spider naevi o 
the arms and shoulders. Laboratory studies 
showed a normal white blood count a 

differential with a hemoglobin of 10.4. & 

Liver function tests showed slightly positiy 
flocculation tests and a BSP retention of 23. 

in 45 minutes. The serum. bilirubin w 

normal. The patient tolerated aureomvcin we 

with no significant side effects. At the cor 

pletion of the course of aureomycin the BS! 
test had decreased to 9.6% retention. Or 

month after completing aureomvecin theray 

the BSP retention was 2.9% in 45 minute 

During the therapeutic regime of bedrest ar 

aureomycin the patient gained 10 pour 

in weight and he stated that he had | 

fatigue and fewer symptoms 


Of the 6 cases that failed to show 
anv appreciable improvement that 
could be attributed to aureomyv« 
therapy. 2 had moderate to severe px 
tal cirrhosis, and 4 had chronic hep 
titis apparently initiated by episodes 
acute viral hepatitis. In this group we 
3 cases that manifested reactions ‘0 
aureomycin that are described in t 
section on dermal sensitivity. 

Discussion. Well controlled eval 
tion of therapy in chronic liver dise 
is difficult to achieve. In this stu 
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each patient served as his own con- 
trol during a period of observation on 


i basic regimen prior to institution of 


aureomycin therapy. The possible de- 
layed effects of such a general ther- 
regimen are impossible to 
wredict and may be sted during 
or after a period o t specific therapy 
such as aureomycin. It is felt, however, 
that the results of this study have 
revealed improvement in some of the 
cases reported, which appeared to be 
related to aureomycin therapy. 

Of the 13 cases treated, it is believed 
that the 7 reported in detail have 
wey improvement that may be re- 

lated to aureomycin therapy. The re- 
maining 6 cases showed little or noth- 
ing that could be attributed to possible 
aureomycin effect. 

Evaluation of Case 1 is complicated 
by the fact that in addition to aureo- 
mvcin, he also received intravenous 
concentrated human albumin and glu- 
cose. That these therapeutic agents 
contributed toward the improvement 
noted is entirely possible. Similar cases 
treated with aureomycin alone are nec- 
essary to decide this point. Case 2 was 
similar to Case 1 but received only 
wreomycin in addition to general sup- 
portive therapy. There are 2 features 
of particular interest in this case: 1, 
the decrease in the serum bilirubin 
striking clinical improvement 
while on aureomycin, and 2, the clear- 
cut relapse which occurred shortly 
alter aureomycin stopped. This 
case demonstrates; in addition to an 
ipparent beneficial effect from aureo- 
mycin, that the optimal dosage and 
Curation of treatment has not been 
cetermined. In Case 7 the progressive 
Crop in the BSP (bromsulfalein) reten- 
mm to within normal limits occurred 
llowing a period of bedrest during 
hich time the patient received aureo- 
vein. The improvement in this case 
iv therefore have been due to the 


\ 


bedrest rather than to the aureomycin. 
However, cases 3 and 5 provide at least 
suggestive evidence that a reduction 
in BSP retention may be brought about 
by aureomycin therapy. Both of these 
patients were on an ambulatory status 
while receiving aureomycin in 
both cases a temporary drop to normal 
or near normal levels resulted. Evalua- 
tion of Case 3 is difficult because of 
the variable alcoholic intake before, 
during, and after aureomycin therapy. 
In Case 5 the delayed, short-lasting 
drop in BSP retention cannot be ex- 
plained on the basis of variable alcohol 
consumption or a change in any other 
factor of the basic regimen that we 
can detect. All that can be said in 
this case is that the BSP retention 
which had ranged from 16.2 to 22.5% 
for almost 3 months, dropped to 7.1% 
about 2 months after a course of aureo- 
mycin was completed. This drop to- 
ward normal was only temporary and 
within 3 weeks had returned to the 
pre-therapy level. In Case 4 the drop 
in the total serum bilirubin to normal 
limits occurred at the completion of 
aureomycin therapy and was again of 
only short duration. It seems at least 
suggestive of aureomycin effect in this 
patient that 4 serum bilirubin de- 
terminations during a period of 1 week 
after completing therapy ranged from 
0.86 to 1.02 mg., whereas repeated 
determinations in the previous 5 
months had all been slightly elevated 
above normal. Of added _ significance 
is the rise to the pre-treatment level 
within 2 weeks after aureomycin was 
discontinued. This apparent escape as 
a result of stopping therapy we believe 
is an important criterion of the value 
of treatment in any chronic disease. It 
is unfortunate that it has not been 
possible to give this patient a second 
course of aureomycin in an attempt 
to duplicate these suggestive results. 
In Case 6 there has been a gradual. 
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definite improvement in the patient's 
clinical condition as well as improved 
hepatic function as reflected by liver 
function tests. This patient is the only 
one of the group still receiving aureo- 
mycin and final evaluation of this case 
must be deferred. 

The results of this study suggest that 
aureomycin therapy may be beneficial 
in some types of chronic liver disease. 
The evidence to date is largely sug- 
gestive and only further study can 
determine the validity of the impres- 
sions obtained from the group of pa- 
tients reported here. 


The mechanism of action of aureo- 
mycin in liver disease is not known. 
At the present time there is no proof 
that aureomycin is effective against the 
hepatitis virus, or that the virus is even 
present in cases of chronic hepatitis 
which appear to follow an original 
acute viral hepatitis. The answer to 
such questions will await the develop- 
ment of experimental tools which may 
be used to study these problems. 

An interesting side-effect of aureo- 
mycin was observed in this study. This 
side-effect consisted of skin and nail 
changes in 4 patients which apparently 
developed after exposure to sunlight. 
These reactions suggest that aureomv- 


ing the institution of aureomycin therapy. 
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cin may be a photosensitizing agent, in 
at least some cases. This possibility 
must be kept in mind in the care of 
patients receiving aureomycin. Our ob- 
servations have been limited to pa- 
tients with chronic liver disease and we 
cannot say at this time whether or 
not hepatic dysfunction is an essential 
part of the observed reactions to aure- 
omvycin. 

Summary and Conclusions. 1. Thir 
teen cases of chronic liver disease have 
been treated with oral aureomycin. 

2. The usual course of therapy was 
2 gm. a day for 30 days. 

3. In 7 cases improvement resulted 
which may have been related to aureo- 
mycin therapy. Case reports of these 7 
patients are presented. 

4. In 6 cases there was little or no 
evidence of benefit from aureomyein. 

5. Dermal sensitivity, manifested by 
skin and nail changes, was observed 
in 5 cases. In 4 of these 5, the lesions 
appeared after exposure to sunlight 
indicating the possibility that unde: 
some circumstances aureomycin may 
be a photosensitizing agent. 

6. The results of this study suggest 
that aureomycin therapy may be of 
value in some types of chronic live: 
disease. 


Addendum: Since this report was submitted for publication, Rumball, Marion, and Sander 
(Gastroenterology, 14, 432, 1950) have re ported 1 case of chronic post-hepatitis cirrhosis, wit] 
jaundice of 4 years’ duration, that showed improvement, subjectively and objectively, follow 
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DILATATION OF THE BILE DUCTS AND INTRAHEPATIC LESIONS 


WITH OBSTRUCTIVE 


JAUNDICE IN RATS FED DIETS 


DEFICIENT IN VITAMIN A 


By Curisroruer J. Hamre, Pu.D. 
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With the 


Technical Assistance of HARRY G. 


ASSOCIATE 


MONSEN, B.A. 
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Many reports have been published 
on the changes which are found in 
the organs and tissues of animals that 
have been fed diets deficient in vitamin 
\. Since these reports have been re- 
viewed and summarized by Wolbach 


and Howe®**4, Tyson and Smith?°, 
Robertson'®, Wolbach?', Bessey and 
Wolbach', Wolbach Bessey”, 


Bicknell and Prescott?, Hart’, and others, 
a further review will not be presented 
here. They point out that metaplasia 
of epithelial tissues is the most charac- 
teristic change of vitamin A deficiency. 
The epithelial changes that take place 
in the rat with vitamin A deficiency 
have been carefully extensively 
studied and have been found to occur 
in the salivary glands, respiratory tract, 
genito-urinary tract, eye para- 
ocular glands, stomach and other or- 
of — that However, 
investigators of vitamin A deficiency of 
that species either state that the liver 
ind bile ducts remain unchanged or 
they include these structures 
n the lists of organs which do under- 
zo pathologic change in the presence 
f this deficiency. It, therefore, is 
renerally thought that changes of the 
‘ile ducts and liver do not occur in 
itamin A deficiency of the rat. 
Though published reports indicate 
hat the liver and the bile ducts do 
ot undergo changes in vitamin A 
eficiency, a few articles have reported 
he occurrence of biliary calculi in 


vans species. 


do not 


animals fed diets supplemented with 
cholesterol but deficient in vitamins. 
Stepp and Kihnau'*, without giving 
specific reference to their source of 
information, stated that concretions 
have been produced in the bile pas- 
sages of animals on diets deficient in 
vitamin A. Okey!® found calculi of 
calcium phosphate and cholesterol in 
guinea pigs fed a cholesterol-supple- 
mented diet and suggested that for the 
animals of the experiment some 
relation of the level of vitamin B intake 
to calculus formation may have existed. 
Emiliani and Bazzocchi* noted a very 
high incidence of gallstones in guinea 
pigs, with or without hypercholester- 
olemia, in vitamin A deficiency. How- 
ever, they found a low incidence of 
calculi in guinea pigs fed a cholesterol- 
supplemented, vitamin deficient 
diet, and calculi in animals fed 
a vitamin B deficient diet not supple- 
mented with cholesterol. Fujimaki* 
described the formation of cholesterol 
calculi in rats fed a vitamin A de- 
ficient diet to which cholesterol had 
not been added, but failed to find 
biliary calculi in rats fed a vitamin B 
deficient diet. Reference to the last 
described work was also made by 
Saiki'’. Fujimaki did not describe the 
gross and histologic condition of the 
liver or bile ducts of the rats which 
had vitamin A deficiency and which 
had biliary calculi, and none of the 
authors has suggested that the bile 
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ducts are in any manner structurally 
altered in vitamin deficiency or con- 
tribute to the formation of the calculi. 
The present report presents the re- 
sults of a study of vitamin A deficiency 
in the rat in which a large percentage 
of the deficient animals were found to 
possess obstructed and dilated bile 
ducts, biliary calculi, metaplasia of the 
epithelial lining of the bile ducts, and 
pathologic changes of the portal canals 
and hepatic lobules. 


Materials and Methods. The diet used in 
this study was made up of purified ingredi- 
ents in the proportions employed by Mayer 
and Krehl!* for some phases of their recent 
studies on vitamin A deficiency. The basal 
diet mixture was composed of the following 
in grams per LOO grams of diet: casein (vita 


min-free), 25.0: sucrose, 65.7: cottonseed oil. 


5.0; salt solution no. 2 (U.S.P.), 4.0: evstine., 
0.2; and choline, 0.1. To the basal diet mix- 
ture were added the following vitamins in 
milligrams per kilogram of diet: alpha- 
tocopherol, 100; 2-methyl-1, 4-naphthoquin- 
one, 5; D, (viosterol), 0.1; thiamine, 5; py- 
ridoxine, 5; riboflavin, 5; nicotinic acid, 50: 
pantothenic acid, 50: inositol. 100: para- 
aminobenzoic acid, 100: and folic acid, 0.5 
Vitamins A and C and biotin were not added 
to the basal diet mixture. 

Forty-nine rats were prepared for study by 
placing the mother and young on the diet 
deficient in vitamins A and C when the voung 
were 10 or 11 days of age. The young rats 
were weaned at 21 days of age, placed in 
separate cages and divided into 4 groups. The 
number of animals in each group and the 
feeding regimen for the various groups are 
given in Table 1. All animals were supplied 


OF THE BILE DUCTS 


with unlimited quantities of water and of 
the diet mixtures. The quantity of vitamin A 
supplied was in excess of minimal require 
ments as set forth in the studies by Nylund 
and With!4. 

Two animals of Group lI, and 2 animals 
of Group 2 were killed for observation after 
they had been on the deficient diets for 17 
22, 14 and 24 days respectively, and betor 
deficiency symptoms appeared, while the re 
maining 22 rats in those 2 groups were con 
tinued on their diets until symptoms ol severe 
vitamin A deficiency appeared. Some of the 
vitamin-deficient animals of those groups died 
but the greater number were killed after they 
had become moribund and it was evident that 
they would die within a few hours. The rats 
of Groups 3 and 4 were killed after all ani- 
mals of Groups 1 and 2 had died or had 
been killed. Determinations of hemoglobin 
and of the volume. of packed erythrocytes 
ervthroevte and leukocyte counts, and blood 
smears for differential leukoevte counts were 
made on all animals killed. Careful and thor 


TABLE 1.) DESCRIPTION OF GROUPS 
Group Animals Diet 

l 13 Diet deficient in vitamins A and C only 

2 13 Diet deficient in vitamins A and C, to which 
ascorbic acid had been added in prop. rtions 
of 100 mg. per 100 gm. of diet 

} 12 Diet deficient in vitamins A and C, with 18.5 
1.U. of vitamin A added daily 

$ 11 Diet deficient in vitamins A and C, to which 


ascorbic acid in proportions of 100 mg per 
100 gm. of diet and 13.5 I.U. of vitamin A 
were added daily 


ough necropsy studies were made of all ani 
mals, and tissues for histologic study wer 
fixed in neutral formalin or Helly’s fixativ: 
solution and stained with hematoxvlin an 
eosin. 

Results. Table 2 presents data or 
age and growth for all groups of rat 
of this study. The results of the bloo: 
studies, which will be presented els: 
where, will be only briefly referred ¢ 
here. Rats of Groups 3 and 4 fed diet 
supplemented with vitamin A, the fo: 
mer without and the latter with tl 
additional supplement. of vitamin ( 
exhibited similar rates of growth, ha 
normal blood values and did not expel 
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ence symptoms of vitamin A deficiency 
w show abnormalities of the organs 
at and on micro- 
copic study, All rats of Groups 1 and 
2 fed the diets deficient in vitamin A 
for a sufficiently long period of time 
to permit deficiency to be established, 
whether or not the diets were supple- 
mented with vitamin C 


or tissues hecropsy 


showed a sim- 
ilar inhibition of growth and loss of 
weight and hemoglobin values, 
erythrocyte counts, corpuscular volume 
percentages (hematocrit ) and hetero- 
phil leukocyte counts that were ele- 
vated to a similar de ‘gree. In the ani- 
of the latter groups symptoms 
of vitamin A deficieycy developed to 


gave 


mals 


similar of severity, in 
rABLE 2. SUMMARY OF 

OF DAYS ON DIET 

Arerage age, days 

When placed When 

uy on diet killed 

l 13 21 52.5 

2 13 21 58.3 

} 12 21 73.0 

11 21 72.7 


many, symptoms of jaundice were @Xx- 
hibited 
The symptoms of vitamin defi- 


ciency shown by animals of Groups 1 


and 2 included those usually found in 
the deficiency syndrome, namely, 
xcrophthalmia, difficult and noisy 


breathing, unsteady gait, anorexia, some 
degree of cyanosis and abrupt and rapid 
loss of weight during the last 2 or 3 
days before death. At necropsy and on 
histologic study, if they had been con- 
tinued on the deficient diet for a suffi- 
contly long period of time, these ani- 
mils exhibited some or all of the QTOSS 
a d histologic pathologic features char- 
a teristic of the deficiency. Abscesses in 
th lungs, salivary glands, base of the 
t’ ague and the middle ear were present 


NUMBER AND AGE 


OF THE BILE DUCTS 185 
in the greater number of animals, and 
complete or partial obstruction of the 
trachea and bronchi was commonly 
prese nt. Urinary calculi were not found 
in our specimens and only 2 animals 
had distended ureters and distended 
pelves of the kidney. Unlike the 
deficient rats observed by Mayer and 
Krehl'*, of animals had a 
bloated and distended gastro-intestinal 
tract. While the esophagus appeared 
normal, portions of the epithelial lin- 
ing of the stomach of some animals 
were hyperkeratinized. In all animals 
with vitamin deficiency the duodenum 
was dilated and hyperemic, and the 
ileum and jejunum, chiefly the latter, 
were thin walled and transps irent and 


none our 


OF ANIMALS, NUMBER 


AND GROWTH DATA 


Arerage weight, gm. 
Days on diet ; 


average) Initial Final Gain 
31.5 $4.5 92.0 57.5 
37.3 $4.8 91.0 56.2 
51.9 35.4 191 155.9 
516 38.5 196.4 157.9 


contained a bloody, yellowish colored 
fluid. The symptoms and_ pathologic 
changes described above indicated the 
presence of a severe vitamin A defi- 
ciency in animals of Groups 1 ate 2. 
Symptoms of jaundice shown by the 
animals of Groups | and 2 with v itamin 
A deficiency were an icteric discolora- 
tion of the fur of the genito-urinary 
organs, some coloring of the ears and 
a faint to deep vellow color of the 
blood plasma when seen in hematocrit 
tubes. At necropsy, the inner surface of 
the skin of these animals was of a faint 
to deep yellow color, but the sub- 
cutaneous tissues were colored only in 
the rats with very severe jaundice. The 
color of the tendons and joint capsules 
varied from a faint to deep yellow. 


ae 
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Because of congestion of the blood 
vessels and the resulting dark color, 
the skeletal muscles showed a vellow 
color only in cases of extremely severe 
jaundice, 

The above-described evidences of 
jaundice in the animals of Groups 1 and 
2 with vitamin A deficiency were ac- 
companied by obstruction and dilata- 
tion of the bile ducts and normal or 
but slightly abnormal appearances of 
the liver as disclosed at necropsy. Of 
the 26 rats of Groups | and 2, 19 (i.e., 
9 of the 13 in Group 1, and 10 of the 13 

) 


in Group 2) had enlarged common 


hepatic ducts. As noted prev iously, 2 
rats of each of these groups were killed 
early in the feeding period before 
deficiency symptoms appeared and be- 
tore dilatation of the bile ducts could 
have developed. Hence, of the 22 defi- 
cient rats which could have possessed 
enlarged ducts and accompanying 
changes of the liver, 19 (86%) did have 
them. 
PATHOLOGIC CHANGES IN THE BILE 
Ducts. The common hepatic duct of 
the 19 jaundiced rats with vitamin A 
deficienc \ described above Was dilated 
throughout its length from the portal 
fissure to the wall of the duodenum. 
The smallest of the dilated ducts meas- 
ured approximately 3 mm. in diameter 
at a point just distal to the entrance 
of the right lobar hepatic duct, while 
the largest observed duct measured 8 
mm. in diameter at the same level. 
The diameter of the common hepatic 
duct of normal rats, in agreement with 
the work of Mann, Brimhall and 
Foster'*, was found to measure 1 mm. 
or less at that level. The dilated com- 
mon hepatic duct was widest at the 
point where it received the hepatic 
ducts of the right and caudate lobes of 
the liver (the names emploved by 
Greene" to designate the various lobes 
of the liver of the rat are used in our 
report The 


duct was narrower 
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anterior to the point and toward. its 
origin from the ducts of the middle and 
lett lobes of the liver. Posterior to tli 
point at which the right and caudate 
lobar hepatic ducts entered, the com- 
mon hepatic duct was of fairly uniform 
diameter but narrowed abruptly at tli 
duodenal end. The portion of the com- 
mon hepatic duct which entered th 
wall of the duodenum was not notice- 
ably dilated. The appearance of th 
enlarged bile ducts of rats of Groups 
l and 2 is shown in Fig. 1. 

The wall of the anterior two thirds 
of moderately enlarged = common 
hepatic ducts was thin and transparent 
while the wall of the posterior third 
or intrapancreatic portion, was denis 
and firm and usually quite opaque 
(Fig. 2). Greatly dilated common 
hepatic ducts possessed a thin and 
transparent wall throughout the greate 
part of their length as shown in Fig. | 
The bile within the ducts, readily seen 
through the transparent walls, was 
usually clear and colorless, or greenish 
yellow in color, or, as shown in Fig. 
for 3 specimens it was white and clou 
in appearance. Microscopic exami 
tion showed the bile of all enlarged 
ducts to contain suspended masses ot 
epithelial cells. These were most nu 
erous in the cloudy-appearing b 
Bacteria and leukocytes were found 
the bile of 
chiefly in the cloudy-appearing fh 
Though calculi were found at all poirits 


only a_i few specime 


along the common hepatic ducts, tl 
were most frequently found in the 
trapancreatic segment where, as sho 
in Fig. 2, they tended to fill the lun 
completely. The epithelial cell mas-es 
also were most numerous in this s 
ment of the duct, and together wv 
the calculi undoubtedly offered « 
siderable resistance to the flow of 
to the duodenum. 

Four lobar hepatic ducts, nam 
those of the right, middle, left 
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caudate lobes of the liver, could readily 


be examined if the lobes of the liver 
were turned forward in the manner 
shown in Fig. Those lobar hepatic 
ducts were dilated to some degree if 
the common hepatic duct was dilated, 
but of the lobar ducts, the right and 
caudate ducts were commonly dilated 
the most. All lobar ducts had thin and 
transparent walls, and clear and color- 
less or greenish yellow-colored bile. 
\lasses of epithelial cells were present 
in the bile but usually no bacteria or 
leukocytes were found in these ducts. 
Caleuli were commonly not found 
the lobar hepatic ducts. 

The most prominent pathologic fea- 
ture of the wall of the obstructed and 
dilated common hepatic duct and lobar 
ducts of the rats of Groups 1 and 2 
with vitamin A deficiency and jaundice 
was a great hh kening and me taplasia 
of their epithelial lining. The degree of 
thickening and the completeness of the 
metaplasia were greater for the com- 
mon hepatic duct than for the lobar 
ducts. Since the condition of the 
epithelium and the processes of meta- 
plasia were the same for the 2 classes 
of ducts, only one description will be 
given differences noted where 
necessary. 

\ small number of the dilated com- 
mon hepatic ducts and all the dilated 
lobar ducts possessed an epithelium 
which was only moderately thickened 
and in a fairly early stage of meta- 
plasia. The epithelium was stratified 
and vere dof 5 to 10 lavers of cells 

‘ig. 3). The cells of the wy laver 
were subeidia to columnar it n shape, 
while the intermediate layers were com- 
posed of cells of irregular form. None 
0 the cells at the free surface of the 
epithelium were thin and squamous in 
ipe but were irregularly spherical or 
\ttened rectangular cells which fre- 
q ently covered | or 2 underlying cells. 
me of the cells were found to possess 
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2 nuclei. A peculiarity of the surface 
epithelial cells was their tendency to 
form polyp-like masses which were few 
in number and small in size in lobar 
ducts, but which frequently extended 
some distance into the lumen and were 
numerous in common hepatic ducts. 
The cells of the polyp- -like masses were 
irregularly rounded in form and had 
a fairly distinct margin and uniformly 
stained cytoplasm. The proximal cells 
of the masses possessed deeply pyknotic 
nuclei while the nucleus of more distal 
cells was represented by chromatin 
masses or only the nuclear membrane. 
Frequent masses of epithelial cells with 
indistinct nuclei were free in the lumen; 
thev undoubtedly had become detached 
from the epithelium. Numerous gland- 
like evaginations of the epithelium 
were present in the wall of the common 
hepatic duct. Such evaginations were 
rarely seen in the wall of the lobar 
ducts. The cells lining the evaginations 
were columnar in shape and normal in 
appearance except at the neck and 
mouth of the gland where stratification 
of the cells sometimes occurred. Meta- 
plasia was, therefore, limited to the 
portions of the epithelium which 
bordered on the lumen of the ducts. 
The most advanced stage of epithelial 
thickening and metaplasia was found 
in the common hepatic ducts only 
(Fig. 4). In those specimens the strati- 
fied epithelium was composed of many 
lavers of cells, and the polyp- -like 
masses were very numerous and very 
large. Except for the great increase in 
number of lavers of cells, the epithelia 
were like those described above for 
early metaplasia. Though many volvp- 
like epithelial cell masses retained their 
attachment to the surface of the 
epithelium, many cell masses were free 
within the lumen of the duct. The cells 
lining the gland like evaginations con- 
tinued to be columnar in shape and 
unstratified if the passage from the 
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gland to the lumen of the duct was 
open. Evaginations which lacked com- 
munication with the lumen of the duct 
were lined by a stratified squamous 
epithelium which in many cases had 
been transferred into epithelial, pearl- 
like bodies. 

The subepithelial connective tissues 
formed a thin layer in the anterior 
region of the common hepatic ducts, 
but was fairly thick in the posterior 
or intrapancreatic portion of the ducts. 
Smooth muscle cells were disposed as 
scattered bundles of cells. Only very 
small leukoevtes were 
found in the subepithelial tissues ot 
the enlarged ducts. 

Longitudinal 


numbers of 


sections 
through the region of junction and 
contiguous segments of the common 
hepatic duct and duodenum showed the 
wall of the dilated hepatic duct to be 
abruptly and deeply constricted at the 
point where it fused with the wall of 
the duodenum. As described by Mann" 
for the rat and by Hendrickson’, and 
Schwegler and Bovden'*, for other 
mammals and man, the constriction was 
found to be produced and maintained 
by a sphincter-like arrangement of the 
muscles of the wall of the duct and 
of the duodenum. The epithelium at 
this point in the duct was thickened 
and metaplastic and resembled the 
epithelium of the more anterior seg- 
ments of the ducts described above. 
The connective tissue of the -wall was 
not markedly thickened but frequently 
contained large numbers of heterophilic 
and eosinophilic leukocytes. Masses of 
epithelial cells and calculi were, in 
most instances, numerous in the lumen 
bordering on the constriction of the 
wall of the duct described above. 
The longitudinal histologic sections 
of the region of junction of a dilated 
bile duct with the duodenum showed 
the intramural segment of the duct to 
be only slightly dilated or not to be 


histologic 
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dilated. The epithelium of this portio 
of the dilated duct was stratified an 
though not as thick as for the commo 
hepatic duct proper, it was sufficient] 
thickened to reduce the cross sectiona 
area of the lumen. Free masses o! 
epithelial cells, calculi, mucus and, iy 
some instances, bacteria and leuko 
cytes almost completely filled the pas 
sageway of the intramural duct of 
some specimens. 

Caleuli and calculus-like bodies, as 
shown by dissections and histologic sec 
tions, were not present in any of th 
bile ducts of the rats of Groups 3 and 
1 fed the diets supplemented with 
vitamin A. Caleuli calculus-lik: 
bodies varving in size from those barely 
visible to the naked eve to those meas 
uring 2 mm. or more in diameter ox 
curred in variable numbers the 
dilated bile ducts of all rats of groups 
1 and 2 with vitamin A deficiency and 
jaundice. The calculus-like bodies 
readily seen through the walls of dilated 
ducts at necropsy, on microscopic exam 
ination, as noted above, were found to 
be composed of compactly arranged 
epithelial concretions. 
however, were present, and of these 
some were very hard and chalky whit 
in color, while others were fragile and 
brittle, and dull rather than white i) 
color. Though all calculi contained both 
acid-soluble and ether-soluble materia! 
all possessed a central mass composed 
of a variable number of epithelial cel! 
Crystals of inorganic salts, cholester: 
bile salts, and ervstals to date not ide: 


cells. True 


tified, were found on microscopic stu 
of crushed samples of the calcu 
Crystals of bilirubin were also foun 
but in such small numbers that. t! 
calculi were white or colorless. 

The decrease in diameter of t 
lumen of the intramural duct and t 
presence of masses 
epithelial cells and calculi in it and 
the lumen of the intrapancreatic p: 
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tions of the common hepatic duct un- 
doubtedly offered sufficient resistance 
to the flow of bile to produce some 
degree of biliary stasis and dilatation 
of the extrabiliary ducts. The greater 
number of rats with dilated bile ducts 
showed only a low grade of jaundice, 
and for those animals the passageway 
to the duodenum could not have been 
continuously or completely obstructed, 
so that some flow of bile, either of a 
continuous or intermittent character, 
must have occurred. That some bile 
did reach the intestine of those animals 
was shown by the presence of yellow- 
colored fluid and debris in the 
duodenum and jejunum. 

PATHOLOGIC CHANGES IN THE LIVER. 
The livers of the rats which were fed 
diets fortified with vitamin A, namely, 
all rats of Groups 3 and 4, were found 
to be normal in size and appearance at 
necropsy and to possess normal his- 
tologic structure on microscopic exam- 
ination. In addition, rats of Groups 1 
and 2. though they had been fed diets 
deficient in vitamin A, had livers that 
were normal or only moderately ab- 
normal in appearance. The livers of 
the rats of Groups 1 and 2 which did 
not possess enlarged bile ducts or had 
only slightly enlarged ducts, not only 
were of normal appearance but were 
also of normal histologic structure. The 
livers of the rats of Groups 1 and 2 
hich possessed markedly dilated bile 
“icts were approximately normal in 

_ had smooth surfaces and, owing 
_prononnced congestion, 
The region 
mediately surrounding the hepatic 
sure was almost always yellowish in 
lor. Yellowish-colored areas, alwavs 
iall in size and irregular in outline, 
‘re also found in the central areas of 
» lobes of the liver of a small num- 
r of animals. Further, the livers of 
‘rats which possessed greatly dilated 
e ducts was found, on microscopic 


vascular 
ere ot a deep red color. 
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study, to have an altered histologic 
structure. The pathologic structure of 
these livers is described below. 

Histologic sections through the portal 
fissure and surrounding parts of the 
liver of rats which possessed dilated 
extrahepatic ducts showed the major 
intrahepatic ducts to be dilated in 
various degrees. direct relation be- 
tween the degree of dilatation of these 
ducts and the degree of dilatation of 
the extrahepatic ducts could not be 
demonstrated. Small masses of  epi- 
thelial cells and infrequently calculi 
were found in the lumen of these ducts. 
The ducts were lined by a low strati- 
fied epithelium, and the tracts of con- 
nective tissue surrounding them were 
somewhat increased in area and usually 
contained only small numbers of 
leukocytes. The — intermediate-sized 
intrahe »patic ducts also were frequently 
dilated, lined by a_ low stratified 
epithelium and in other respects also 
structurally resembled the major intra- 
hepatic ducts. The interlobular he ‘patic 
ducts were infrequently dilated, and 
though most of the ducts of this class 
were lined by a simple epithelium, 
some were lined by a stratified epithe- 
lium of 2 or 3 cell layers. The lumen 
of the intermediate and_ interlobular 
ducts usually was free of debris. Fur- 
ther descriptions of the interlobular 
ducts and structures surrounding them 
are presented below. 

Microscopically the changes in the 
liver of rats of \ roups 1 and 2 which 
possessed dilated extrahepatic ducts 
were largely limited to the portal canals 
and the tissues immediately surround- 
ing them. The area of the portal canals 
of the greater number of livers was 
slightly greater than normal. The 
‘anals contained a normal-sized artery, 
dilated vein, ducts varying from normal 
to greatly increased diameter, and 
greatly enlarged lymph vessels. The 
connective tissue of the portal canals 
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was loose in arrangement, edematous 
in appearance and contained fibroblasts 
with large vesicular nuclei. 
nective 


The con- 
tissue of the canals contained 
only small numbers of leukocytes, com- 
monly of the heterophil v: arietv. Pig- 
ment was not present, nor had multipli- 
Some of the 
hepatic cells bordering on the canal 
were swollen but none were surrounded 
by the tissues of the canal. Portal canals 
of this type undoubtedly represented 


cation of ducts occurred. 
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interlobular duct 
outline and 
distinguished 


distended and_ the 
irregular in 
readily from numerous 
masses of multiplying ducts. The multi- 
plying ducts frequently composed the 
major part of the enlarged portal canal: 
The fibroblasts were 


usually not 


enlarged or ol 
normal size, and infiltrating heterophil 


leukocytes 


variable in) number 


but frequently quite 


were 
numerous. Pig 
ment was occasionally present in th 


tissues of the canals. Single or groups 


Fia. 1 


Fic. 1 
days on a diet deficient in vitamin A. Arrow 


common hepatic duct in which stones are visible; 


Fic. 2 


Ventral view of the liver and dilated bile ducts of a rat of Group 2 killed after 44 


1 indicates the extrapancreatic portion of t 
arrow 2 the intrapancreatic portion of t 


common hepatic duct. 


Fic. 2.—Section showing the thickness of the 


wall, and the calculi and debris in the lun 
of the common hepatic duct of a rat of Group 2 killed after 


39 davs on a diet deficient 


vitamin A. Note the thickness of the epithelium, shown as an irregular dark band exter 


to the calculi, 


an early stage of response to the biliary 
obstruction (F ig. 5). 

In a small number of specimens, the 
portal canals of the liver had enlarged 
and expanded sufficiently to meet 
neighboring canals and, thereby, to 
surround the individual lobules of the 
liver (Fig. 6). In those canals the 
artery was normal, the vein usually 


and the abundant epithelial cell debris between the calculi (x 10). 


ot hepatic cells were frequently su 
rounded by the connective 
multiplying ducts of the canals. 

The degree of development of t 
lesions of the hepatic lobules vari: d 
considerably, but commonly was gre 
est for those which were surround 4 
by enlarged and anastomosed por! 
canals. In those lobules the bile c: ay 
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laries were dilated, frequently blocked 
by bile thrombi, or ruptured into the 
space separating the hepatic cells and 
the lining of the sinusoids. The hepatic 
cells of the peripheral ends of the cell 
cords were swollen and possessed 
darkly stained nuclei while the cells 
in the middle and central portions of 
the cords were normal in size and 
appearance. Fatty infiltration of the 
hepatic cells was not found in any of 


to fill the lumen. The cells lining the 
central and middle portions of the 
sinusoids were less frequently enlarged. 
Kupffer cells of all regions of the 
sinusoids frequently contained pigment 
granules. The central veins were com- 
monly large and prominent, and the 
sinusoids were broadly continuous with 
them. In summary, the central and 
middle portions of the lobules were 
fairly normal in appearance and_ the 


I 3.—Early metaplasia and thickening of the epithelium of the dilated common hepatic 


9 


t of a rat of Group 2 killed after 41 days on a diet deficient in vitamin A (hematoxylin 


and eosin) (x 520). 


I 1.—Late metaplasia and thickening of the epithelium of the dilated common hepatic 
duct of a rat of Group 2 killed after 41 days on a diet deficient in vitamin A (hematoxylin 
and eosin) (x 90). 


oVr specimens though some of the cells 
possessed a foamy appearance. Except- 
ins infrequent small areas, necrosis of 
th hepatic tissue had not occurred. 
\!iny hepatic cells were in mitosis. 
Te lining cells of the peripheral end 
of the sinusoids were frequently en- 
la ged, and groups of the cells appeared 


pathologic features described above 
were best developed in the peripheral 
portion of the lobule. 

Comment. To our knowledge, the 
presence of dilated bile ducts and 
jaundice in rats with vitamin A defi- 
ciency has not previously been de- 
scribed. It is significant that a meta- 
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plasia of the epithelium similar to that 
which occurs in the epithelium of other 
organs in vitamin A deficiency was 
present in the dilated bile ducts of 
our animals with severe deficiency and 
jaundice. The metaplasia eccurred in 
ill regions ot the extrahepatic biliary 
ducts and also in some segments of the 
intrahepatic ducts. The degree of meta- 
plasia was not correlated with the size 
of the duct, but most likely was corre- 
lated with the length of time the de- 


DILATATION OF 


THE BILE DUCTS 


were the result of metaplasia of tl 

epithelium. The presence of epithelial 
metaplasia in the enlarged ducts and 
its absence from ducts of control rats 


supplied vitamin A is in itself strong 


evidence that the conditions observed 
were the direct 
deficiency. 


result of vitamin \ 


The absence of fatty infiltration an 
necrosis from the liver indicates that 
deficiency of choline and cystine did 
not occur in our animals. Glynn and 
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Fig. 5 
Portal canal of the liver of a rat of Gro 
in vitamins A and C (hemat 
ric. 6 
days on a diet deficient in vitamin A 
lobular vein at the site 


Section adjacent to a portal canal of t 


of branching; arrow 


ficiency had existed and the processes 
of metaplasia had been in operation. 
Varying degrees of obstruction of the 
passage from the common hepatic duct 
to the duodenum were established by 
the thickening of the epithelium and 
accumulation of the free masses of 
epithelial produced by the 
epithelium. Stasis of bile, jaundice, and 
the formation of calculus undoubtedly 


cells 


2 designates the interlobular duct 


Fic. 6 
yup L killed after 34 days on a diet defici 


oxvlin and eosin) (x 90 
he liver of a rat of Group 2 killed after 
(hematoxvlin and eosin. Arrow 1 indicates the int 
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Himsworth® have shown that owing 
the manner of distribution ° of por' 
blood to the liver, the left lobe n 
respond to borderline nutritional 
ficiency while other lobes of the liv 
do not. The left lobe of the liver ¢ d 
not differ from other lobes and bord 
line nutritional deficiency did not occ 1 
in our animals. The moderate deg 
of pathologic change of the por 


4 Ca 

d 

=. 


HAMRE: DILATATION OF THE BILE DUCTS 193 


canals, and the absence of well-devel- 
oped cirrhosis such as that observed 
by Higgins and Anderson’ after ligation 
of the common hepatic duct of rats, 
show that biliary obstruction for our 
animals was not a complete one. This 
was also indicated by the absence of 
deep jaundice in many which 
possessed dilated bile ducts. In almost 
every detail, the pathologic changes of 
the bile ducts, excepting the meta- 
plasia of the epithelium and_ liver 
observed in our rats, resembled the 
disease of uncomplicated partial ob- 
struction and inconstant jaundice de- 
scribed for man by Himsworth!’. 
Studies confirming the above-de- 
scribed observations have been’ com- 
pleted and further studies of the nature 
of the disease condition observed in 
our rats with vitamin A deficiency are 


in progress. 


Summary and Conclusions. A study 
has been made of the liver and bile 
ducts of rats with vitamin A deficiency. 
and jaundice. Of 26 rats fed a deficient 
diet, 22 were continued on the diet 
long enough to experience symptoms 
of deficiency. Of the latter, 19 (S67) 
possessed dilated bile ducts ex- 
hibited some degree of jaundice. Meta- 
plasia of the epithelial lining occurred 
in all dilated extrahepatic ducts and 
many intrahepatic ducts. The meta- 


plastic epithelium offere d resistance to 
the flow of bile and produced free 
masses of cells which, by accumulating 
in the common bile duct and intramural 
duct, formed obstructions which re- 
sulted in stasis of bile and dilatation 
of the system of bile ducts. Obstruction 
and dilatation of the bile ducts were 
accompanied by a mild hype rtrophy of 
the tissues of the portal tracts and 
moderate degenerative changes of the 
peripheral parenchymal tissues of the 
hepatic lobules. The metaplasia of the 
epithelium resembled that found in 
other organs in vitamin A deficiency, 
and indicates that this metaplasia is 
the primary. result of the deficiency 
and the dilatation of the bile ducts 
and that the pathologic changes of the 
portal areas of the liver are secondary 
results of the deficiency. 

Conclusions. 1. Metaplasia of — the 
epithelium of the ducts of the biliary 
system occurs in vitamin A de ficiency. 

2. Detached masses of epithelial cells 
may obstruct the bile duct at the 
duodenal end and through resulting 
stasis of bile cause dilatation of the 
ducts. 

3. Stasis of bile and dilatation of 
intrahepatic ducts are accompanied by 
hypertrophy of the portal tracts and 
limited degenerative changes of the 
peripheral portions of the lobules of the 
liver. 


We are indebted to Dr. G. M. Higgins, in whose laboratory these studies were carried out, 
for his suggestions and encouragement during the progress of the work. We are indebted 
ilso to E. R. Squibb & Sons for the vitamin A preparations used in this study. 
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Tur definite statements by Fitzhugh 
and Weinstein'! that low titers of 
heterophil antibodies are characteristic 
of leukemia and. that high titers of 
these antibodies are not seen in that 
disease are generally accepted, and 
have been generally held (Bernstein? ). 

There are, however, 4 recorded in- 
stances in which high heterophil anti- 
body titers have been observed in some 
association with probable leukemia. 
Bernstein? cited a dubious case 

leukemia, or perhaps aplastic anemia ) 
in which the titer reached 1:640. Kent" 
reported the case of an autopsied patient 
with monocytic leukemia having a 
Paul-Bunnell test ranging in titer from 
1:4096 to 1:16,384. Proescher™ re ported 
a case (with ae findings ) under 
the title of “Case of infectious mono- 
nucleosis ca leukemoid blood picture 
in a boy four years old” in which con- 
stant gre ‘at elevation of heterophil anti- 
body titers were the basis for the diag- 
nosis of infectious mononucleosis, but 
in which the described circulation of 
blastic cells in continued high propor- 


tion makes a diagnosis of leukemia 
more likely. Feldman and Yarvis re- 
ported the case of an 18 year old white 
male with cells typical of infectious 
mononucleosis. His heterophil titer was 
1:512 with complete absorption by ox 
cells and no absorption with guinea 
pig kidney. During the 6 months illness 
the heterophil response became nega- 
tive as the findings became those of 
lymphatic leukemia. Schultz'®, consid- 
ering elevated heterophil titers in vari- 
ous conditions, reported titers of 1:45 
or higher in 8 cases of myelogenous 
and 2 cases of monocytic leukemia. 
Absorption studies are not recorded. 

This paper describes 3 additional in- 
stances of leukemia, all monocytic, in 
which elevated titers of heterophil anti- 
bodies were present. In 2 of the cases 
the absorption characteristics of the 
antibodies were studied. 

Case 1. A. H. V., male, white, aged 40, 
admitted to the University of Chicago Clinics 
5-16-35. 

History. A. H. V. was well throughout his 
life until 2 months before admission, when 


* Sponsored by the Veterans Administration and published with the approval of the Chief 
Medical Director. The statements and conclusions publishe od by the authors are a result of 
their own study and do not necessarily reflect the opinion or policy of the Veterans Administra- 


tion. 
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he began to suffer weakness and _lassitude, 
and lost about 15 Ibs. in weight. For a 
month prior to admission there was swelling 
and soreness of gums, with hemorrhage there- 
from, and shortly after this his vision became 
dim. 

Physical Examination. The patient exhibited 
marked pallor and was undernourished. The 
fundus oculi on each side contained multiple 
hemorrhages. The gums were slightly swollen 
and very tender. The heart and lungs were 
normal. The spleen was felt 1 finger’s breadth 
below the costal margin. The liver was not 
enlarge d. The central nervous system was 
normal. There was slight enlargement of all 
lymph nodes. 

Laboratory Findings. Urinalysis showed 
slight albuminuria. Wassermann reaction and 
Kahn reaction were negative. Ekg showed 
slight left axis deviation. Roentgen-ray exami- 
nation of the chest was suggestive of slight 
mediastinal lymphadenopathy. Paul-Bunnell 
heterophil antibody test was positive 1:128 

serum dilution 1:512). Repeat test showed 
the same figure. Blood counts (on admission): 
Rbe 1,700,000; Whe 59,600; Hgb. 32%; neu- 
trophil polymorphs 2%; metamyelocytes 2%; 
myelocytes 2%; lymphocytes 25%; monocytes 
60 to 69%. Of the monocytes, about two-thirds 
were very young forms, and frequent nucleoli 
were seen 

Progress. The patient died on 5-24-35, 
having shown progressive rise in the white 
cell count to 209,400. Fever was present 
throughout the hospital course. One dose of 
0.3 gm. neoarsphemanine given on day of 
admission. 

Autopsy (summary only). Monocvtic leu- 
kemia, with leukemic infiltration by charac- 
teristic leukemic monocytes of axillary, in- 
guinal, and all other lymph nodes, and of the 
lvmphoid tissues of the ileum, cecum, and 
colon; of the liver, spleen, skin, kidneys, 
adrenals, thymus, heart, testis, bone marrow, 
thyroid, lungs, and palate. Gangrenous 
stomatitis. Multiple petechial hemorrhages 
throughout the body. Fatty degeneration of 
the heart. Bilateral bronchopneumonia. 

Diagnosis. Monocytic leukemia, type Schill- 
ing (leukemic monocytic reticulendotheliosis. ) 

Discussion. This case was recorded prior to 
introduction of the absorption differentiation 
of heterophil antibodies. 


Case 2. D. B., female, aged 30, married. 
a physician. Admitted to St. Vincent’s Hos- 
pital, Los Angeles, 10-9-47. 

Previous Health. No major illness other than 
whooping cough as a child. 


Family Health. Both parents were allergic. 


Mother suffered) from bronchial asthma 
Father suffered from hay fever. 

History of Illness. About 2 months prior 
to her admission to hospital the patient suf 
fered from dryness and cracking of the nasal 
mucosa, which shortly swelled and assumed 
a gray color. An allergist was consulted and 
discovered positive skin tests to codein, brass 
oats, Wheat, soy, and a number of other mis 
cellaneous items. The nasal condition was 
thought due to pollinosis, and vasoconstrictors 
gave relief for some time 

One month prior to admission mouth 
breathing became essential. The tonguc 
mouth, and pharynx became sore, and their 
mucous membranes were dull and grey. The 
gums were spongy but did not bleed. Cough 
ing became distressful, induced vomiting, and 
became productive of thick, repy mucus. A 
blood count showed Rbe 2,040,000 per c.mm 
hemoglobin level 40%, with 32,000 Wh pel 
c.mm. 


A diagnosis of “subacute leukemia” was 
made and two blood transfusions 
were given, whereupon the patient was hos 
pitalized for study. 

Inventory Enquiry. There had been about 
5 Ibs. weight loss. There had not been fever 
The skin had been normal. There had been 
no bony tenderness. The lymph nodes wer 
not enlarged. Digestion was normal 

Physical Examination. The patient was a 
poorly nourished, tired, waxy looking woman 
5 feet, 6 inches in height; weight 114 Ibs 
The nose was greatly swollen but not painful 
The nasal mucosa was a dull gray color. Th 
nasal passages were completely occluded on 
both sides. 

There were 2 small ulcers on the lips. Or 
the tongue there was an 0.5 cm. shallow 
gray ulcer. The mucosa of the hard palate 
was swollen and gray. The gums were purph 
in color and hypertrophied to a great degree 

The cervical lymph nodes were enlarged 
bilaterally. The anterior cervical nodes wer 
tender. The occipital, post-auricular, axillary 
and inguinal nodes were not enlarged. 

The fundi oculi were normal. There wer 
no abnormal findings related to the central 
nervous system. 

The findings as to heart and lungs wer 
normal. The liver and spleen were not en 
larged. 

Laboratory Findings. Urinalysis. sp. gt 
1.018, reaction alkaline, albumin trace, sugar 
none, acetone trace, microscopic showed not 
mal sediment. Blood Kline negative. Bloo« 
culture negative. 

Blood Counts. 10-10-47: Rbe 4,170,000 
Hgb. 10.7 gm.; Whe 24,150. Differential 
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lymorphonuclear neutrophils 20% (15% non- 
lamented ); eosinophils 1%; lymphocytes 17%; 
typical monocytes 62%. 

10-16-47: Rbe 3,850,000; Hgb. 9.4. gm.; 
Whe 17,350. Differential: Polymorphonuclear 
weutrophils 18%; metamyelocytes 5%; lympho- 
vtes 20% monocytes 57% of which 
16% were blast forms. 

10-19-47: Rbe 3,600,000; Whe 9,700. Dif- 
ferential: Polymorphonuclear neutrophils 29%; 
ivelocytes 2%; promyelocytes 3%; basophils 

lvmphocytes 24%; monocytes 41% with 18% 
blast’ forms 


Serologic Studies: Heterophil Antibody Titres 
Absorbed with Absorbed 


Guinea Pig with 
Unabsorbed Kidney Ox Cells 
10-11-47 1: S96 
10-14-47 1:S96 1:20 1:160 
10-18-47 1 :224 0 1:56 
10-31-4 1:56 


Control Case 
liter 
10-14-49 1:1792 1:1792 0 


of Infectious Mononucleosis 


Progress. The course downhill was char- 
teristic of anemic leukemia and the patient 
lied on 12-20-47 in a distant community 
vithout further study or opportunity for 
utopsy 

Diagnosis. Monocytic leukemia, Naegeli 
type; probable allergic diathesis. 

Comment on Case. There is no reasonable 
loubt that this patient suffered from mono- 
ytic leukemia. She was believed to be an 
llergic subject. She had received 2. trans- 
fusions prior to the demonstration of the anti- 
«ly reactions, but no liver extract or other 
reign material. One transfusion had been 
llowed by a tebrile reaction. 


Cask 3. M. R., male, white, aged 52 
\dmitted to Birmingham Veterans Adminis- 
ition Hospital 1-2-49. 
History. On admission he complained of 
tin in the left thigh and back in association 
ith gross deformity of the left thigh follow- 
x old injury. He gave a past history of 
ronchial asthma since 1917. No complaints 
ere referred to the hematologic systems. 
Physical Examination. Physical examination 
the time of admission revealed a slightly 
spneic white male. Examination of the 
iest revealed numerous coarse rales in both 
ses. The expiratory phase of respiration 
is prolonged. There was marked deformity 
the left lower extremity. Liver and spleen 
re not enlarged. There was no peripheral 
nph node enlargement. 
Laboratory Findings. On admission: Hgb. 
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14.7 gm.; Whe 8,400; neutrophils 58; lympho- 
cytes 36; monocytes 5; eosinophils 0; baso- 
phils 1. 

Roentgen-ray. The lett lower extremity re- 
vealed an old fracture of the femoral shaft 
below the base of the lesser trochanter, with 
complete avulsion of the trochanter and lateral 
and anterior angulation of the fracture site. 
There was a second healed fracture of the 
femoral shaft below its mid-portion. The 
chest film showed moderate generalized 
emphysema, 

Course in Hospital. The patient was treated 
for his old fracture-avulsion with a left spica 
cast. He required treatment on several occa- 
sions for bronchial asthma. 

On March 22, 1949, left posterior cervical 
lymphadenopathy developed with no apparent 
cause. This subsided with no specific treat- 
ment. The blood count at that time was 
normal. 

About mid-April, 1949, he developed an 
evening elevation of temperature, the tem- 
perature ranging from 99.2° to 100.6°. He 
continued to be febrile. On May 10, 1949, 
it was noted that the posterior cervical nodes 
were large and discrete. The liver margin 
was felt 4° fingerbreadths below the right 
costal margin and the spleen was enlarged. 
sternal marrow aspiration was performed 
and a diagnosis of monocytic leukemia 
( Naegeli tvpe) was made. Heterophil anti- 
body titer at that time was elevated. 

Supportive therapy was provided, con- 
sisting of multiple blood transfusions, intra- 
venous fluids, and aminophyllin as needed. 
Serial blood counts and hemoglobin showed 
a progressive anemia, and a gradual rise in 
the white count with marked increase in 
immature forms. Repeat  heterophil tests 
showed continued elevated titer. Patient ex- 
pired July 5, 1949. 

Blood Counts. 4-17-49: Whe 11,000; Hgb. 
12.1 gm. Differential: Neutrophils 42%; 
lymphocytes 32%; monocytes 21%; basophils 
5%. 

5-10-49: Whe 12,250. Differential: Neu- 
trophils 56%, 5 of which were band forms, 
1 promyelocyte, and 25 blasts; lymphocytes 
22%; monocytes 14% with 3 promonocytes; 
eosinophils 24; basophils 6%; platelet count 
150,000; hematocrit 38 mm. 

6-20-49 Rbe 3,780,000; Hgb. 11.1 gm.; 
Whe 34,350. Differential: neutrophils 13% 
with 2 stabs and 1 promyelocyte; lymphocytes 
18%; monocytes 66% with 8 promonocytes and 
40 blasts; b: sophils 3%. 

Sternal Marrow. 5-4-49: 54% “blast” forms: 
5% promyelocytes; % myelocyte ss; 15% meta- 


myelocytes of which 7.5% were basophils; 3% 
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mature granulocytes; 4.5% lymphocytes; 3.59 
monocytes; reticulum. cells; 1.5% normo- 
blasts: 1.5% basket cells. 


Serologic Studies: Heterophil Antibody ‘Titres 
Absorbed with Absorbed 


Guinea Pig with 
Unabsorbed Kidney Ox Cells 
5-6-49 1:224 
5-12-49 1:S96 :28 1:14 
Control; Infectious Mononucleosis 
6-12-49 1:S96 1:896 0 


Autopsy (Summary only). Microscopic ex- 
amination of tissues removed at postmortem 
showed leukemic infiltrates in the liver, lymph 
nodes, spleen, myocardium and bone marrow. 
Phe typical cell was large, round to oval, with 
a nucleus which occupied a good portion of 
the cell, was deeply basophilic and irregular 
in outline Many of these cells contained 
nucleoli. 

Diagnosis. Monocytic leukemia ( Naegeli 
type); bronchial asthma. 

Comment on Case. This case represents 
another example of monocytic leukemia in 
an individual with a lengthy allergic back- 
ground 


Discussion. The absorption charac- 
teristics of the different heterophil anti- 
bodies seen in the sera of abnormal 
persons, of those with serum sickness 
and of those with infectious mononu- 
cleosis were established by David- 
sohn**, 

The percentage absorption of the 
various anti-bodies was obtained by 
Davidsohn in table on next column. 

Thus, it would appear that the anti- 
bodies present in Cases 2 and 3 most 
closely resemble the “normal antibody” 
in their absorption properties. It is 
quite possible that the elevation in 
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Pet. of Absorption by 
Av. Titer Beef Cells G. P. Kidney 
Normal antibodies 


(5 cases ) 20 354 LOO” 
Serum sickness 
(3 cases ) 9] 974 LOOG 


Infectious 
leosis 
(9 cases ) 324 LOOY 69% 


titers was due to the allergic diathesis 
evidenced by both patients, and was 
independent of the leukosis. In_ this 
recollected — that 
patient had persistent 
eosinophilia. However, it has not been 
noted that the heterophil antibody 
titer is elevated in the allergic state” 
though Schultz!’ records a heterophil 
titer of 1:224 in an allergic individual 
In leukosis it has been repeatedly 
shown that the antibody reactions as a 
whole are depressed. Thus, the low tite: 
of antibodies seen in leukemia ( Bern 
stein') is probably due to low titers ot 


connection it is 


Proescher's* 


the normal antibody. Absorption stud 
ies are not available covering this 
point. The possibility that the occasion 
al leukemic might contract infectious 
mononucleosis is evident® but the ab 
sorption characteristics appear to pre 
clude such an occurrence in these pat 
ticular patients. 


Summary. In leukemia, marked el 
vation of the heterophil antibody titer: 
may occasionally occur. Thus far this 
has been noted most frequently i) 
monocytic leukemia. In 2 cases, tl 
antibodies were cf the “normal” type « 
absorption characteristic. 
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THE EFFECT OF PROCAINE ADMINISTERED INTRAVENOUSLY 
ON THE CUTANEOUS PAIN THRESHOLD 


By Roserr F. Kiscer, M.D. 
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AND 


W. ScCHNAPER, M.D. 


RESEARCH 
DURHAM, 


From the Department of Medicine, 


fue use of intravenous procaine as 
an analgesic has received increasing 
attention over the past ten years. After 
its first de ‘scription in 1908 by Bier! 
this route of administration for pro- 
caine was virtually ignored until 1938 
when Lundy!® reported its value as an 
antipruritic in patients with obstruc- 
tive jaundice. Then followed in rapid 
succession reports of its clinical appli- 
cation as an analgesic in the manage- 
ment of burns**, postoperative dis- 
labor! sprains, frac- 
tures arthritis?®, and numerous 
other painful conditions*. So wide- 
spread has been its suggested use and 

promising the results that one in- 
\estigator commented: “We are still 
searching for anv kind of severe pain 
which cannot be relieved by procaine 
intravenously |. 

Despite this enthusiastic acceptance 


t the effectiveness of such therapy, 
published reports reveal an uncritical 
evaluation of the results. As Rovenstine 
and Papper'*S have recently observed, 
both individual (internal) and group 
coutrols are lacking. There is no series 
in which procaine solution has been 
‘nated with saline and the effects 
« npared; and in some of the studies 
t ver analgesics or sedatives were given 
v th the procaine. 

‘he problem is complicated further 
) the paucity of laboratory data on 
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the basic site and modes of action of 
procaine or its derivatives in pain 
syndromes. Allen et al. have proposed 
that procaine is concentrated at the 
site of injury, where exudation and 
edema formation in progress>. 
Graubard and Peterson" report that 
intravenous procaine is concentrated 
7 to 8 times more in traumatized than 
in normal tissue; they conclude that 
here it acts directly on nerve fibers or 
endings. In view of Allen’s proposal, 
and in order to secure some quantita- 
tive measure of the analgesic properties 
of intravenous procaine, this study of 
the effect of intravenous procaine on 
the pain threshold in both traumatize od 
and normal skin was designed. The 
pain threshold is the only aspect of 
pain that has been opene d to accurate 
measurement: its determination in man 
by the Hardy-Wolff-Goodell technique, 
using a radiant heat stimulus, has al- 
ready proven useful in the study of 
analgesic agents!!!" 

Two recent investigations are par- 
ticularly relevant to this problem. Bige- 
low and Harrison® have reported a 
variable elevation of the pain threshold 
after the subcutaneous injection of 5 to 
40 cc. of 2% procaine elsewhere in the 
body, but the data are inconclusive. 
Papper et have observed that 
intravenous procaine induces only an 
insignificant rise in the pain threshold 
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of normal skin, leaving unanswered 
the pertinent question of the effect of 
the drug upon pain perception in in- 
jured tissue. 


Method. In 4 subjects, healthy male medi- 
cal student volunteers between the ages of 24 
and 27, a first degree burn was produced by 
exposure to ultraviolet radiation in an area 
approximately 6 cm. by 4 cm. on the volar 
surface of the forearm. The exposure Was 
42 minutes in duration with the lamp at a 
distance of 20 inches, a technique which 
invariably produced maximum erythema 
without vesiculation. Skin thus prepared was 
hyperalgesic, that is, tender to light pressure 
and unusually sensitive to pin prick or other 
The subjects were then in- 
doctrinated into the use of the Hardy-Wolff- 


noxious stimuli. 


ADMINISTERED INTRAVENOUSLY 

algesia of the burn was still at its height 1.0 
gm. of procaine hydrochloride in 500 to LOO 
cc. of physiological solution of sodium ch! 
ride was administered by infusion into a 
vein. Pain thresholds ¢ the normal a 
hyperalgesic skin areas were measured befor 
the ot 
drug. All observations were made in a quict 


on 


during, and after administration 


room at a constant temp rature 


Results. As indicated in the tabl 
the degree of induced erythema was 
sufficient to lower the pain threshold 
to 50% or less of normal. In both the 
normal and the hyperalgesic burned 
skin, particularly in the latter, the pain 
threshold elevated 
period of administration of the procain: 


was during — the 


Goodell!! apparatus for measurement of solution, but to only a slight extent 
rABLE 1.—SUMMARY OF DATA 
Pain Threshold during and after Procaine Ads 
Contval Pais 
Threshold* 7 Vea 
{mou Duration ginr Bu S 
tior {dministration Burned Nor 
fi line min Skin mir Th Cha Th } 
S00 of a t 10 270 0 14 
0.2% Sol 24 
70 
130 1) 
( 
0.2% sol 
SO 10 7 200 
120 140 0 
1000 ce. of a 105 205 110 
0.1% Sol 145 SO 24 270 
14) 
ain thresholds are measured in response to a controlled radiant heat stimulus (Hardy-Wolff-Goodell technique) and are ¢ 
millicals. em? 
cutaneous pain threshold to a radiant heat except for a 24% rise in the threshold 


stimulus. Each subject was not regarded as 
indoctrinated until he showed a variation of 
no more than + 5% in his report of the end 
point. In all subjects the opposite forearm was 
used as a control area of normal skin. One 
modification of the Hardy-Wolff-Goodell 
technique was made; on the hyperalgesic 
area, threshold pain was defined as the faint- 
est burning pain perceived, since the thres- 
hold for “pricking” pain was so far above 
that for burning pain that it was obscured 
and difficult to determine. On the normal 
skin area “pricking” pain was taken as thres- 
hold since this was almost always the first 
type of pain perceived. 

After indoctrination and while the hyper- 


of the hyperalgesic skin of one subject 

Such responses are of borderline s 
nificance, particularly since in the 
hyperalgesic skin a rise in threshold 
of only 20 millicals. per cm.? per s 
becomes disproportionately large when 
expressed asa percentile change. Mi 
over, soon after the infusion was c 
pleted the thresholds returned to tie 
base-line or to lower levels. 

The results are summarized in 
graphic form in Fig. 1. Although ‘ve 
number of subjects and observati: 
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is relatively few, the responses show 
a consistency which is informative. 
Discussion. From the above data it 
is apparent that only during its admin- 
istration did procaine raise the pain 
threshold, and then merely to a trivial 
degree. Even this minor rise in thres- 
hold can perhaps be related to the fact 
that all subjects complained of an im- 
pairment in ability to concentrate dur- 
ing the procaine infusion. A consider- 
able degree of attention is necessary 
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There is obviously, then, a notable 
difference between the effect of pro- 
caine on the pain threshold and _ its 
reported effect on pain syndromes. This 
discrepancy may be due in part at least 
to uncritical clinical observation, but 
several other possible explanations 
merit consideration: 

1. The ability of an agent to dimin- 
ish the intensity of pain from = supra- 
threshold stimuli usually parallels its 
ability also to raise the pain threshold’’. 


+20 + 
+10 
Percent Change 
In Pain Threshold fe) Normal 
Skin 
-10 + 
j 
+207 | 
+10 + | 
Percent Chonge A Hyperalgesi 
In Pain Threshold re) 
-10+ 
-20- | 
Control During Procaine | | \/2 Hrs. after 
Period Administration | Administration 


Fic. 1.—Effect of intravenous procaine on the 
burned 


for power evaluation of the pain thres- 
hold and the mental lethargy which 
the subjects noted may well have 
altered their responses. Nonetheless, 
the return of the pain thresholds to, or 
below, control levels shortly after com- 
pletion of the intravenous administra- 
tion is highly significant in view of the 
clinical claims that procaine can ease 
pain as long as 5 to 12 hours after 
administration. 


threshold in normal and hyperalgesic 
cin, 


This holds true for analgesics, such as 
acetylsalicylic acid and codeine, which 
act centrally. It is conceivable, how- 
ever, that procaine administered in- 
travenously can lessen the intensity of 
pain without raising the pain thre shold. 
This might result: a, if procaine were 
able to block or neutralize a noxious 
metabolite, the hypothetical pain (or 
“P”) substance present in tissues sub- 
jected to sustained injury; and b, if the 
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pain substance were not essential as a 
mediator of the fleeting pain of the 
pain-threshold measurement. 

The injury produced in 
isin experiments may have been too 
mild and superficial to permit the de- 
tection of a procaine effect. The limita- 
tion of the trauma to a non-painful first 
degree burn was necessary, 


tissue 


however, 
for any spontaneous lasting pain would 
have made threshold measurements im- 
by the technique employed. 

The reputed benefit of procaine in 
linic al pain syndromes may sometimes 


be other than simply analgesic. The 
drug may act by alteration of local 
factors, such as blood flow. or bv as 


vet unevaluated central effects. 

None of these explanations can vet 
conclusively resolve the difference be- 
tween the results of labor: atory experi- 


ment and bedside observation. The ulti- 


6. Brittain, 
7. Gordon, 


R. A.: 


Anaesthesia, 4, 30, 194 
Canad. Med. Assn. J., 49, 


19. Wolff, H. G., and Hardy, J. D.: Physiol. 


*In the course of a separate 
intravenous procaine does not 
immersed in water at 0° C. 


alter pain intens 
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mate evaluation of any analgesic tech- 
nique still depends upon the patient 
pain. The the 
travenous awaits 
clinical test. 

Summary and 
gram of procaine 
travenously over a period of 55 to 75 
minutes to adult human subjects was 
ineffective significantly 
pain threshold to radiant heat in either 
normal or traumatized skin. 

These results are contrasted with re- 
the dramatically — effective 
action of given 


case of in- 
controlled 


answer in 
procaine 


Conclusions. One 


administered in- 


raising the 


ports ot 
analgesic 
intravenously for the control of clinical 


procaine 


pain. 
Several possible explanations for this 


discrepancy are advanced. A need is 


apparent for a critical and objective, 


evaluation of intravenous procaine in 
pain svndromes. 
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THE EFFECT OF A FAT-FREE DIET IN CAUSING 
LOW SERUM CHOLESTEROL 


By SHERMAN M. M.D.° 


THomas E. M 


ACHELLA, M.D. 


AND 


Joun Cc. ReinHOLp, Ph.D. 


PHILADELPHIA, 


(From the Gastro-Intestinal Section (Kinsey 
Hospital of the Unive 


White treating ulcerative colitis in 
this hospital with a diet consisting of 
protein hydrolysate and dextrimaltose, 
tests of liver function were sometimes 
performed. It was observed that  pa- 
tients on this regimen had remarkably 
low serum cholesterol concentrations. 
Since many investigators have impli- 
cated cholesterol metabolism in the 
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-Thomas Foundation) of the Medical Clinic. 
‘rsity of Pennsylvania) 


pathogenesis of we 
decided to see if the random observa- 
tions reflected a consistent effect of 
this synthetic fat-free diet. The latter, 
when supplemented with essential vit- 
amins and iron, has been found satis- 
factory in maintaining nutrition and 
health®"". 


TABLE 1 THE PALL IN SERUM CHOLESTEROL CONCENTRATION ON A DIET OF 
PROTEIN HYDROLYSATE AND DENTRIMALTOSE, 


Case No Age Ser Diagnosis 

l 57M Diverticulitis 

2 29 M Gastric Uleer 

20M Enteritis 

64M Duodenal Ulcer 
33°F Duodenal Uleer 
6 27 M Ulcerative Colitis 
7 52M Duodenal Ulcer 
60 M Duodenal Ulcer 
9 67 M Gastritis 
10 51M Duodenal Uleer 
Duodenal Ulcer 
12 60 F Esophageal Ulcer 
13 60 M Esophageal Ulcer 
14 65 M Duodenal Ulcer 


Minimum 29 
Maximum = 67 
Average 51 


Patient 11 drank, in addition to the 


Serum Cholesterol Concentration 

Days on 

Special Initial Lowest Level 


Diet Level Attained Decrease 
7 176 116 60 
5 92 87 5 
216 142 74 
13 382 256 126 
Is 233 168 65 
58 187 87 100 
16 260 232 28 
16 198 142 56 
13 187 149 38 
14 286 160 126 
13 265 167 96 

5 347 324 23 
11 853 184 169 
Is 208 107 96 

5 92 87 5 
53 382 324 169 
15 256 171 85 


protein hydrolysate-dextrimaltose, 540 cc. 


of a milk and cream mixture daily. This mixture contained 68 gm. of fat per day. 


* Smith, Kline and French Fellow in Gastroenterology. 
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Procedure. The subjects were 14 patients 
admitted to the medical service of this hos- 
pital for protein hydrolysate therapy of be- 
nign lesions of the gastrointestinal — tract 
Table 1 

Che cholesterol concentration in serum was 
therapy 
instances, 2 or 3 


determined in each patient before 
was begun or, in a few 
davs afterward Subsequent cholesterol meas- 
week 
special alimentation, 
the resump- 
tion of ordinary foods. Cholesterol esters wer 
serially in 3 
The serum cholesterol determinations wert 


urements made 2 or 3 times a 
during the 


and at 


were 
period ot 

least several times after 

determined Cases, 

made by means of a technique de veloped in 

this utilizing produced — by 

cholesterol in chloroform solution with acetic 


hospital, color 
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acid under controlled 
Color 
densities were read in an electric photometer 
Cholesterol 
means of alcohol and ether 


anhydride and sulturic 


conditions of time and temperature. 


was extracted from serum by 


as described by 


Bloor!. The esterified cholesterol was de- 
termined after precipitation of free choles- 
terol as digitonide. The precision of th 
method was + 6.7 mg. per 100 ml.+ Choles- 
terol in samples of serum of apparently 
normal individuals when examined by this 
method ranged from 110 to 355 > mg. per 
100 ml. (average 220 

The duration of treatment ranged from 


5 to 55 


The 


were 


days. protein hydrolysate and 


dextrimaltose given together in 
the containing 15 to 30% of 


compound, Each day 2,200 to 


water, 
each 


1,000 calories 


solution 
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DAYS 
Fic, 1.—The concentration of the serum cholesterol in a patient while consuming protolysate- 
dextrimaltose and after resumption of a bland diet. 
+ Calculated as sigma (duplicates \ ‘on where x and y are the results of duplicate 


determinations and n is the number of pairs. 
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were thus supplied. All of the patients 
either gained or maintained weight on this 
regimen. Polyvitamin capsules ferrous 
sulfate were administered, but no other medi- 
cations were given except barbiturates or 
atropine as required for symptomatic relief. 

Results. A fall in the serum choles- 
terol concentration well beyond the 
range of experimental error occurred 
in 13 of the 14 patients (Table 1). The 
fall in most instances was greater when 
the initial cholesterol value was rela- 
tively high. The decrease in’ serum 
cholesterol concentration averaged $5 
5 to 169) mg. per 100 ml. in 15 days. 

The changes in serum cholesterol 
concentration in response to alterations 
in diet were very rapid. The average 
number of davs in which serum choles- 


terol fell 20 mg. per 100 ml. or more 
was 5 (range 3 to 7). After resumption 
of an ordinary diet the average num- 
ber of days in which the cholesterol 
rose 20 mg. per 100 ml. or more was 8 
(range 2 to 16). The speed of these 
changes is illustrated in Figs. 1 and 2. 

The concentration of the serum 
cholesterol esters changed in the same 
direction as did the total cholesterol 
(Fig. 2). Expressed as per cent of 
total serum cholesterol concentration, 
the cholesterol esters fell an average of 
10% while the cholesterol was falling 
and returned to the original percentage 
when the cholesterol reached its initial 
level. 


Comment. The failure of the serum 
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iG, 2.~The concentration of the serum cholesterol and cholesterol esters in a patient con- 

uming protolysate-dextrimaltose and after resumption of a bland diet. Total cholesterol is 

represented by solid squares and solid line. Cholesterol esters are represented by open 
squares and broken line. 
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cholesterol to fall in one patient (Case 
2) requires comment. This patient, 
who had a large benign gastric ulcer, 
had been si oe daily and had lost 
29 pounds of body weight in the 2 
months prior to hospitalization. Serum 
cholesterol on admission and before 
the special alimentation regimen was 
92 mg. per 100 ml. It was 87 mg. per 
100 ml. by the sixth day of alimenta- 
tion. The initial low level is consistent 
with the observation that the blood 
cholesterol falls in malnutrition™. In 
nearly absolute starvation the serum 
cholesterol rises, but if as little as 40 
or 50 gm. of carbohydrate are con- 
sumed daily, or just enough to prevent 
ketosis, the cholesterol does 
not rise; on the contrary, it falls*. The 
fact that this patient's serum cholesterol 
did not fall below 87 mg. per 100 ml. 
suggests that there is a limit beyond 
which diet will not readily lower the 
cholesterol level. It is interesting that 
another patient (Case 6), who was on 
protolysate for the bag a period ( 
days), had a fall i 
mg. per 100 ml. 

Obviously, even in short periods, this 
protolysate-de xtrimaltose diet marked- 
ly lowers the serum cholesterol. The 
regimen, however, is not practical for 
long periods of time except when spe- 
cial indications exist. Nevertheless it 
provides a means for the study of basal 
cholesterol metabolism. 

The mode of action by which this 
diet the blood cholesterol is 
not known and is to be investigated. 
Some of the possibilities are as follows: 

1. The absence of cholesterol. 

The absence of fat. The absorp- 
tion of cholesterol from the intestine 
is said to be largely dependent upon 
the simultaneous absorption of fatty 
acids?*, On a fat-free diet one would 
expect a minimum of fatty acids 
the intestine, since only those excreted 
would be present. The reduction in 


serum 


1 cholesterol to 87 


kc ywers 


The authors acknowledge with thanks the technical assistance of Miss Jane 
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fatty acid absorption might be of prime 
importance, since ordinarily 
the cholesterol 
is carried there 


y most of 
in the human intestine 

bile or leukocytes, 
and does not come from food". Absence 
of lipid from food may require secre- 
additional sterol by the 
tine and thus lower the amount in the 
serum. 

. The high protein intake may alter 
the bacterial flora of the bowel. An 
increased growth of those organisms 
responsible for the 
cholesterol into the non-absorbable 
coprosterol* may conceivably occur on 
this regimen. 

1. The high protein diet, 
its specific action, alter metab- 
olism in some more fundamental way. 
It has been reported that Eskimos who 
consume large quantities of fat and at 
times eat as much as 5 Ibs. of meat daily 
have a relatively low concentration of 
cholesterol Their basal 
uniformly high on 
the basis of American standards. 

It is of interest that one patient 
(Case 11) drank, in addition to the 
protein hydrolysate-dextrimaltose mix- 
ture, of milk and cream 
of fat daily. Never- 
theless, his serum cholesterol fell ap- 
preciably. It there- 
fore, to construct a dietary consisting 


tion of intes- 


conversion — of 


through 
may 


in the serum*. 


metabolic rates are 


a quantity 
containing 68 gm. 
mav possible. 
of more palatable foods which, when 
ingested, would maintain a low serum 
cholesterol concentration. 

The 
concentration is rapidly and markedly 
lowered by an 


Summary. 1. serum cholesterol 


alimentation regimen 
consisting entirely of protein hydro- 
lvsate and dextrimaltose. 

2. Upon resumption of a diet of or- 
dinary there is a return of the 
serum cholesterol to initial levels. 


foods, 


Possible mechanisms of reduction 
in serum cholesterol by dietary means 
are discussed. 


Gardner. 
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PITUITARY VERSUS PRIMARY THYROID MYXEDEMA 


By AGAMEMNON Despopou.Los, M.D.° 


AND 


H. 


PeRLOoFF, M.D. 


PHILADELPHIA, PENNSYLVANIA 


From the Endocrine Clinics of the Philadelphia General Hospital) 


In 1940, Means, Hertz and Lerman! 
reported a series of myxedematous 
patients who showed evidence of as- 
sociated gonadal and adrenal cortical 
insufficiency and did not respond to 
thyroid therapy in the usual manner. 
They postulated a pituitary etiology 
and distinguished these patients from 
others with primary thyroid myxedema. 
These criteria have been accepted by 
most investigators; as recently as this 
year (1950), Tucker et al.'’ diagnosed 
pituitary myxedema in 3 patients on 
this basis. In order to test the validity 
of this thesis, we have evaluated 
adrenal cortical function in 12 consecu- 
tive patients with frank myxedema. 
To our surprise adrenal cortical de- 
ficiency was present in every instance, 
whether the primary etiology was 
pituitary or thyroid, so that a differen- 
tial diagnosis on this basis was there- 
fore impossible. 


Case Reports. Case 1. F. G., a 52 year old 
negress, was first seen in this clinic following 
thyroidectomy for a substernal goiter in 1942, 
after which signs and symptoms of hypo- 
parathyroidism developed. This was well 
controlled with Vitamin D, 200,000 units 
daily. She complained of fatigue, cold in- 
tolerance and constipation. Examination re- 
vealed a cool, dry, scaly skin, and loss of 
axillary and eyebrow hair. Blood pressure 
was 126/80, pulse 75. The BMR was --14%, 
blood cholesterol 359 mg. %, and the 24 hour 
I’ uptake by the thyroid gland 9%. Roent- 
gen-ray: minimal cardiac enlargement, no 
pericardial effusion, and normal sella. Appar- 
ent onset: 1942. Clinical diagnosis: primary 
thyroid myxedema, post-thyroidectomy. 


* Ciba Fellow in Endocrinology. 
(208 ) 


Case 2. C. G., a 35 vear old negress, was 
made myxedematous while — be ing treated 
with methyl thiouracil for hyperthyroidism. 
She complained of somnolence, lethargy and 
dry skin. Her BMR = was 28%, cholesterol 
504 mg. Apparent onset: 2 months, Clini- 
cal diagnosis: primary thyroid myxedema 
(secondary to methyl thiouracil overdosage) 


Case 3. W. B., a 36 vear old negress, com 
plained of somnolence, lethargy, obesity, 
hy pomenorrhea and cold intolerance. Her 
skin was dry and myxedematous, and_ peri 
orbital edema and de pression of mental facul- 
ties were marked. Blood pressure was 188/ 
120, pulse 80. The BMR was —25%, blood 
cholesterol 460 mg. %, and 1.31 uptake by 
the thyroid gland 6% in 24 hours. Roentgen- 
ray examination revealed an enlarged heart 
Apparent onset: September 1947. Clinical 
diagnosis: primary thyroid myxedema. 


Case 4. C. M., a 57 vear old white female, 
complained of constipation, anorexia, hoarse- 
ness of the voice and intolerance to cold. She 
showed dry, thick, vellow skin, scant axillary, 
head and pubic hair, somnolence, lethargy, 
and mental dullness. Blood pressure was 
160/108, pulse 60. The BMR was —46%, and 
blood cholesterol 395 mg. %. Apparent onset: 
1942. Clinical diagnosis primary thyroid 
myxedema. 


Case 5. L. J., a 64 year old white female, 
complained of itching of the skin and hoarse- 
ness of the voice. Examination revealed a 
thick, dry, yellow skin infested with scabies 
marked periorbital edema, sparseness of head 
axillary and pubic hair, somnolence, lethargy. 
and mental dullness. Blood pressure was 
160/80, pulse 80. The BMR was —25%, blood 
cholesterol 291 mg. %, and 24 hour L131 
uptake by the thyroid gland 12%. Roentgen- 
ray: enlarged heart, and normal sella turcica 
Apparent onset: 1946. Clinical diagnosis 
primary thyroid myxedema. 
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Case 6. P. K., a 57 year old white female, 
plained of exertional dyspnea and cold 
tolerance. She was known to have syphilitic 
heart disease. Physical examination revealed 
dry, thick, yellow skin, periorbital edema, 
iit pubic, axillary and head hair, hoarse- 
s of the voice, and mental dullness. Blood 
pressure was 154/54, pulse 88. The BMR was 
10%, cholesterol 235 mg. %, and 24 hour I,3, 
uptake 4%, Roentgen-ray: pericardial effusion, 
normal sella. Apparent onset: 1946. 
Clinical diagnosis: primary thyroid myxe- 


Case 7. A. HL, a 60 vear old white male, 

mplained of weakness, anginal pains, pro- 
gressive loss of hearing, constipation and 
hoarseness. Physical examination showed dry, 
thick, vellow skin, generalized hair loss and 

irked mental dulless. Blood pressure was 
120/76, and pulse 64. Auricular fibrillation 
was apparent on ECG, The BMR was —50%, 
blood cholesterol 558 mg. %, and 24 hour 
| uptake 3%. Roentgen-ray: no cardiac en- 
largement and normal sella. Apparent onset: 
1947. Clinical diagnosis: primary — thyroid 
Tha. 


Case 8. A. S., a 62 vear old white female, 
nplained of cold feet, dry skin, fatigue, 
oarse voice and cold intolerance. She had 
ned 12 pounds in the year preceding these 
studies. Her skin was dry, scaly, cold and 
had a vellow tinge. Periorbital edema and 
hoarseness were marked. Head hair was dry 


ind brittlhé and axillary and evebrow hair 

scant. Blood pressure was 158/90, pulse 

60. Cholesterol was 516 mg. %. Roent- 

gen-ray: sella at upper limits of normal. Ap- 

parent onset: 1944. Clinical diagnosis: pri- 
rv thyroid myxedema. 


Case 9. J. M., a 36 vear old negress, com- 
plained of periods of amenorrhea (up to 4 
months) and cold intolerance. She was short 

feet, 6 inches) and looked like a typical 
crctin. Physical examination revealed thick dry 
skin, periorbital edema, sparse pubic, axillary 
| head hair, poorly developed breasts, and 

ntal retardation. Blood pressure was 100/ 
6) and pulse 80. The BMR was —14% (poor 
test), cholesterol 312 mg. %, and 24 hour I,., 
uptake 7%, Roentgen-ray: delay in bone age 
a: evidenced by ununited epiphyses; normal 
sicd heart, and enlarged sella. Apparent 

et: birth. Clinical diagnosis: primary thy- 
rod myxedema (Cretinism ). 


ase 10. M. R., a 35 vear old white female, 
cc nplained of amenorrhea, fatigue, and 
a! orexia since the birth of a child 18 months 
b ore. In addition, she had developed a 


depressive psychosis. She had dry, cool skin, 
absent axillary and scant pubic hair. She was 
somnolent and dull and responded slowly to 
questioning. Blood pressure was 130/80, and 
pulse 75. The BMR was --31%, cholesterol 
646 mg. %, and 24 hour I,,, uptake 5%. 
Roentgen-ray: normal sized heart and normal 
sella. Apparent onset: 1947. Clinical diag- 
nosis: pituitary myxedema, 


Case ll. V. H., a 40 year old negress, 
complained of pain in the legs, constipation 
and cold intolerance. Menses had been regu- 
lar until 1947 with no periods since. She 
claims to have been pregnant 4 times, each 
ending in a spontaneous miscarriage at 2 to 3 
months. Physical examination revealed a 
short (4 foot, 6 inches) woman with dry cool 
skin, scant axillary and pubic hair, but with 
good breast development. Blood pressure was 
96/66, and pulse 80. The BMR was —24%, 
cholesterol 178 mg. %, and 24 hour I,,, up- 
take 5%. Roentgen-ray: marked pericardial 
effusion, atonic sigmoid colon, and slightly en- 
larged sella. Apparent onset: 1947. Clinical 
diagnosis: pituitary myxedema. 

Case 12. J. Z., a 25 year old acromegalic 
white male, complained of fatigue, lethargy 
and cold intolerance. Acromegaly was. first 
noted in 1944, but had not progressed since 
1947, when the above symptoms commenced. 
He showed dry yellow. skin, periorbital 
edema, dry sparse hair and mental dullness. 
Blood pressure was 110/74 and pulse 75. The 
BMR was —47% and blood cholesterol 228 
mg. ©. Roentgen-ray: enlargement of the sella 
with destruction of the floor; no enlargement 
of the heart. Apparent onset: 1947. Clinical 
diagnosis: pituitary myxedema ( acromegaly, 
inactive). 

Methods. The adrenal glands of 
these patients were studied with ref- 
erence to their 3 major functions. The 
DOCA-like fraction, which influences 
electrolyte and water metabolism, was 
evaluated by means of serum sodium, 
potassium and chloride determinations, 
as well as by the ability of the kidney 
to excrete water, chloride and urea 
after hydration’®. The S-hormones 
were measured in the urine®. Insulin 
tolerance® tests were performed and in 
addition to fasting eosinophil levels 
the drop in eosinophil count 4 hours 
after the production of hypoglycemia’ 
was observed. N-hormone production 
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y determination of 
17-ketosteroid; urinary estro- 
gens and gonadotropins are also being 
reported for reasons which will be- 
come apparent. The I,,; uptake by the 
thyroid gland was measured by the 
method of Lasche et al.™. 

The results of these studies as well 
as the considered. normal in 
this laboratory are listed in Table 1 

Discussion. It is evident from these 
data that adrenal cortical function is 
diffusely depressed in all these pa- 
tients, although e ‘lectrolyte change s are 
least marked. This latter finding is not 
surprising in view of the severe corti- 
cal involvement which is necessary 
variations in serum electrolyte 
levels become manifest. Of greater in- 
terest is the finding of decreased ad- 
function in those pa- 
tients considered by the Authors to be 
primary thyroid m It might 
be argued that they are in fact  in- 
stances of pituitary myxedema, but it 
seems Statistically ‘improbable that 12 
such patients would appear consecu- 
tively in the Endocrine arong4 Further- 
patient F. G., Case became 
mvxedematous — after 
and patient C. G., Case 2 was myxe- 
dematous on the basis of me thy] 
thiouracil overdosage and could not 
represent primi ary pituitary failure. 

\Means'? suggests that low gonado- 
tropins in the presence of amenorrhea 
is evidence in favor of the diagnosis 
o! pituitary myxedema, but that normal 
or elevated gonadotropins are found 
i thyroid myxedema. This would ap- 
pear to be the case in these patients 

d is further evidence of the accuracy 
© our clinical impressions. 

In all but 3 patients, fasting eosino- 
p il levels were normal although the 
response to hypoglycemic stress was 
( minished. Patients 1 (W. B.), 2 (C. 
\.), and 4 (P. K.), showed eosinophil 
c ants ranging from 6 to 28 cells per 


was ascertained by 


urinary 


values 


betore 


renal cortical 


myxedema. 


more, 
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cmm. on repeated determinations. The 
reasons for this are not clear unless it 
represents a direct bone marrow effect. 
Lymphocyte percentages were gene “od 
ly elevated, as would be expected i 
deficiency of the adrenal cortex. The 
significance of an initial elevated serum 
cholesterol in the differential diagnosis 
of myxedema is as yet obscure. 

Further atte mpts at a differential 
diagnosis, by assaying the effect of thy- 
rotropic hormone on the radio-active 
iodine uptake of the thyroid gland, 
and also by measuring tolerance to 
desiccated thyroid, are now under way 
and will be the subject of another re- 
port. However, it is already evident 
that certain of the patients diagnose “d 
as primary thyroid myxedema in this 
paper do in fact appear to fit this diag- 
nosis. 

It appears that a more likely explana- 
tion for these findings is that the pitui- 
tary and adrenal glands share in the 
myxedematous changes that are conse- 
quent to the hypothy roidism. As a re- 
sult of direct effect upon the adrenal, 
or perhaps secondarily to the pituitary 


involvement, or even because of a 
combination of both these factors, 
adrenal cortical deficiency develops. 
Some evidence is available to sub- 


stantiate such a point of view. Hurx- 
thal®, Benda and Bixby' and others, 
have noted enlargement of the sella 
turcica in cretins and in experimental 
thyroidectomy. Benda’ has reported 
that the acini of the anterior pituitary 
glands are infiltrated with albuminous 
fluid progressing to cystic degenera- 
tion. Deane and Greep* have shown 
a decrease in the size of the adrenal 
cortex with a depletion of its steroid 
content in experimentally induced hy- 
pothyroidism. Vieillard Perloff'* 
noted a decreased eosinophil response 
to stress in thyroidectomized rats. 
Many reports of decreased urinary ex- 
cretion of 17-ketosteroids®7, and 11- 
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oxysteroids*:'*, in myxedematous pa- 
tients are available. It m: iy well be that 
the abnormalities of pigmentation 8) 
often seen in thyroid disorders are on 
an adrenal basis. 

If this hypothesis is valid, then in- 
volvement of the adrenal cortex in 
myxedema cannot be employed as a 
method of differentiating primary thy- 
roid from pituite ary myxede ‘ma, and 
statistics will have to be adjusted ac- 
cordingly. 

The response to thyroid medication 
in these patients has been interesting. 
In no instance where hypertension 
existed did the blood pressure rise, al- 
though it was noted to fall in some 
patients. Case 7 (A. H.) who suffered 
with markedly relieved 
from this symptom with 2 gr. of U.S.P. 
thvroid daily. Kern and 


angina Was 


Soloff!’ re- 
ported pericardial effusion in their pa- 
tients with myxedema. When effusion 


The authors express their 
sodium and potassium determinations, and to 


excretion of 11-oxvsteroids. 


appreciation to Dr. 


PERLOFF: 


was present in our patients, it disap 
peared promptly with thvroid medica 
tion. Elevated cholesterols consistenth 
dropped to normal levels on adequat 
thyroid dosage. 

Summary. Data have been accumu 
lated in 12 patients with myxedema 
which tend to show that the adrenal 
cortex is adversely affected in primary 
mvxedema so that its functions are de 
pressed, Since this functional depres 
sion has been the basis on which the 
differentiation between pituitary and 
thyroid myxedema has been mi ide, it is 
sugge ‘sted that reports of — pituitary 
myxedema the 


erroneous. 


literature may be 


It is believed that the myxedematous 
changes incident to the primary hypo 
thvroidism involve the adrenal either 
directly, or secondarily 
pituitary gland, or possibly by a com- 


bination of both these factors. 


Henry Schwartz for performing the serum 


Dr. Eunice Lasché for measuring the urinar 
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\ Few years ago the only satisfactory 
method of handling the patient with 
hyperthyroidism was by operation. Re- 
cently, however, both the thiourea 
derivatives and radio-active iodine have 
been used successfully in the treat- 
ment of toxic goiter. The purpose of 
this paper is to attempt to deduce from 
the very extensive and sometimes con- 
fusing mass of literature available a 
reasonable plan for the management of 
patients with hyperthy roidism. 

Hisroricat. Early in the 19th century. 
Graves and Basedow independently 
presented excellent accounts of the 
cli: ical picture of diffuse toxic goiter. 
Shortly thereafter it became evident 
tha certain patients with this disease 
we e benefited when given iodides by 
mo ith. Unfortunately the improve- 


ment resulting from iodine therapy 
was often short lived, and its use as 
sole therapy was therefore never wide- 
ly accepted. 

Toward the close of the last century, 
Kocher developed and popularized the 
operation of partial thyroidectomy. By 
1912 he had pe rformed 5000 such oper- 
ations with a mortality of less than 
5%'*. Most of his patients, however, 
had non-toxic goiter, and the operative 
mortality for those with hyperthyroid- 
ism was considerable. Because of this 
high operative risk, other more satis- 
factory methods of treatment . were 
sought. Roentgen-ray therapy to the 
thyroid region was one such possibility. 
It was used rather extensively early 
in the present century, but the results 
were only fair, recurrences were com- 
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mon and subsequent operation was 
made more difficult by the radiation fi- 
brosis which always occurred. Yet spor- 
adic use of irradiation to the thyroid 
until 1923. In that vear, 
showed that preoperative 
use of iodine in the hyperthyroid pa- 


continued 
Plummer!?! 


tient transformed a dangerous operation 
into a relatively one. 
work quickly wide acceptance 
and it soon became apparent that not 
only the immediate but also the long 
term results of operation were superior 


sate Plummer's 


won 


to any previous method of approach. 
Therefore, Roentgen-r: iy therapy was 
abandoned in general subtotal 
thyroidectomy became the standard 
treatment for hyperthyroidism. 

\s experience with iodine and thy- 
roidectomy accumulated, other funda- 
mental measures in the preoperative 
control of the patient with hyperthy- 
roidism gradually were established. 
These were found to include adequate 
rest with sedation, a high caloric, high 
protein, high carbohydrate diet with 
supplemental vitamins, and added cal- 
cium and phosphorus. It has been 
emphasized frequently that, whatever 
form of therapy one prefers today, 
these latter measures remain of great 


importance in the general care of 
patients with hyperthyroidism. 
GENERAL CONSIDERATIONS. A prere- 


quisite to the adequate management 
of hyperthyroidism is a working know]- 


edge of the histology. chemistry and 
physiology of the thyroid gland. 
During recent vears the use of 


goitrogenic substances and radioiodine 
in thvroid research has resulted in 
remarkable advances. Outstanding 
among the 
160,164,168,169.182 of this progress is a 
Symposium: “Thyroid Function as Dis- 
closed by Newer Methods of Study”!*°. 
which describes in detail many impor- 
tant recent contributions. It must be 
admitted. that studies 
cerning the etiology of hyperthvroid- 


however, con- 
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™127 have thus far been unprodu 
tive of tangible 

Despite the newer methods in thyroid 
study the 
still rests on the clinician's appraisal of 
all available data''". In addition to the 
rate'*, the 
tion of protein-bound iodine™ 
which appears to be a direct measur 


ism 
results. 


diagnosis of thyroid diseas 


determina 
158 


basal metabolic 


is find- 
Where 


radioiodin 


of circulating thvroid hormone, 


ing favor in several clinics. 


facilities are available, 


tracer doses may be administered and 


thyroid function estimated by direct 
Geiger (the  gen- 
erally preterred method), by excretion 
studies****) or by the more elabora 


and possibly more accurate method of 
thyroid Such radiation 
appraisals of thyroid function are pos 
sible because the and 
organisms are incapable of differenti- 
ating between stable 
eral Radioactive 
iodine and its importance in the diag- 
nosis and treatment of rthvroidism 
will now be greater de- 
tail. 

RADIOACTIVE 
radioactive 


animal human 
iodine and its sev- 


radioactive isotopes. 


‘onside Te di 


number of 
iodine have 
and at least 4 of them 
biological work 


lopINE. A 
isotopes of 
been identified 
have been used in 
Until recently, these isotopes were pre- 
pared in small amounts in the 
and were therefore 
erally available. For 
ever the Atomic Energy Commission 
through the Oak Ridge National Lab- 
oratories, has been able to supply phy- 
sicians throughout the country with 
any desired amount of This 
isotope, which has a half-life of 8 davs 
is very suitable for biological 
and is thus the only one in general ws 
at the present time. I'*! is produced 
the uranium chain-reacting pile’; it 
disintegrates to xenon with the em s- 
sion of a negative beta particle anc 2 
gamma radiations. 


When 
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not gen- 
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is absorbed trom the gastrointestinal 
tract within 1 hour and the dose is 
completely absorbed within 3 hours. 
The thyroid will then concentrate this 
absorbed: iodine up to 10,000 times the 
blood level, probably at the rate of 
about 2 to 4% of the total iodide avail- 
able per hour*’, so that most of the 
ingested iodine is is quickly deposited in 
the thyroid gland. It does not remain 
there, however, and about 60 to 70% 
of the ingested dose will be excreted 
in the urine in 48 hours if kidney func- 
tion is normal. 

Diagnostic Uses. In hyperthyroidism, 
small doses of iodine are concentrated 
in the thyroid more rapidly than in 
normal persons and the rate of urinary 
excretion is diminished to a corres- 
ponding degree. The diagnostic value 
of these variations in iodine uptake and 
excretion is being studied at the pres- 
ent time. As already mentioned, 
urinary excretion studie and esti- 
mations of the rate at which the thy- 
roid removes iodide from the blood— 
thvroid clearance*®“4—are being done 
and are perhaps the most accurate 
methods of study. It appears, however, 
that direct Geiger-Mueller counter esti- 
mations of thyroidal radioiodine up- 
take are sufficiently accurate for clini- 
cal purposes and thus of more practical 
significance 133 135,173,174 

lf a tracer dose of T'*! (30 to 100 
microcuries) be given by mouth, its 
uptake by the thyroid is readily deter- 
mined because the gamma radiations 
pass through the tissues without dam- 
aging them significantly and can be 
quantitatively recorded by a Geiger 
counter placed over the thy roid gland. 
\t the same time, the beta particles 
arsing from the disintegration of T'*? 
as ‘ar as is known have no appreciable 
do naging effect on tissues in these 
es. 

he normal range of uptake, which 
ha been measured by a Geiger counter 
pl.ced a standard distance (15 cm.) 


directly in front of the thyroid 24 hours 
after ingestion of a tracer dose, is be- 
tween 10 and 40%. In hyperthyroidism 
this figure will be increased. Werner 
et al.'™* feel that this diagnostic use of 
radioiodine may prove superior to the 
BMR in evaluation of thyrotoxicosis, 
but it must be pointed out that there 
is an ove rlap of some 10% between 
euthyroid and thyrotoxic groups, that 
the te st requires 24 hours to comple te 
and that elaborate precautions and 
equipment must be used. Great care 
also must be taken to be sure that the 
patient has not taken any _ iodine, 
goitrogens, thiocyanates or gallbladder 
dye by mouth prior to the test. Fur- 
thermore it appears that diseases other 
than hyperthyroidism, such as cardiac 
decompensation, may give misleading 
or equivocal results. 

Therefore the value of tracer studies 
in the diagnosis of hyperthyroidism is 
not well established at the present 
time. The method may be of consider- 
able value in those cases where the 
diagnosis of hyperthyroidism remains 
questionable after repeated BMR de- 
terminations have been done, but fur- 
ther experience must accumulate be- 
fore it can be generally recommended 
for routine diagnostic use. 

Therapeutic Uses. The beta particle 
or electron given up by I'*! in its dis- 
integration travels only 1 or 2 mm. in 
tissue but has an extremely intense 
ionizing effect throughout this range 
and therefore will destroy tissue cells 
if concentrated within them in ade- 
quate amounts. In the tracer doses 
mentioned above, the amounts are too 
small for this effect, but if larger doses 
are given, for example 5 to 10 milli- 
curies (1 millicurie — 1000 microcu- 
ries), the isotope will be concentrated 
in the thyroid gland and will destroy 
many of the cells within which it is 
deposited. Since the hyperactive acini 
take up most of the radioiodine, as can 
be shown by radio-autography®, a 
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highly selective and efficient method of 
irradiation control ot — thyrotoxicosis 
should be available in this method. 
Within certain limits this has proved 
to be true. A sufficient number of pa- 
tients now has been treated at several 
clinics in this country to indicate the 
usefulness of the method and some 
of its limitations’??? 


17 


72.73 
Dosage is 
still uncertain. The amount required 
for any individual case of hyper- 
thvroidism is based on the severity of 
the toxicity and the estimated weight 
of the thvroid gland®*. An average 
initial dose of 4 to 8 millicuries of ['*! 
mav be given, and smaller doses re- 
peated later if necessarv. The total 
dosage required to control the hyper- 
thvroidism has varied from 2 to 20 
millicuries. 


The clinical response to radioiodine 


frequently takes the following pat- 
tern’: in 1 to 3 davs the gland be- 
comes tender, sedimentation rate in- 


tf to 10 davs there is 

of toxicitv. If these 
events do not occur, the treatment is 
likely to fail. Clinical improvement 
may be apparent in 12 to 14 davs, but 
the optimal effect does not occur until 
6 to S weeks have elapsed. At the end 
of that time. further treatment mav be 
undertaken if remission is not com- 
plete. In l month 97% of the radio- 
activity 1s dissipated. 

The effect of radioiodine on the 
architecture of the thvroid has been 
studied by biopsy of the gland. One 
investigator®® that there is no 
characteristic pattern in the reaction 
to radiation. while another?* points out 
that there is fibrosis and decrease in 
the number of follicles, but that the 
follicles continue to show 
hyperplasia, indicating that the origi- 
nal stimulation which produced the 
hvperthvroidism still is present 

Results 


creases, and in 
an augmentation 


states 


remaining 


There have now been re- 
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ported in the literature more than 300 
cases of hyperthyroidism treated with 
radiviodine=** 73,117,125, 142,155,156 \ 
review of these reports indicates that 
about two-thirds of the patients ar 
clinically cured. Most of the remainder 
have improved, and it is assumed that 
they will be cured following further 


therapy 

The goiter has invariably become 
smaller in cases treated successfully 
and in a considerable percentage has 


has 


been no damage to adjacent structures 


disappeared completely. There 
in the neck such as the parathyroi {s 
and recurrent nerves. Myxedema was 
produced in 19 transient 
exacerbation of thyrotoxicosis was seen 


patients, 


occasionally, slight to moderate in- 
crease in exophthalmos occurred in a 
considerable number of patients, ai 
mild radiation sickness was seen in 
tew patients. There were only 6 frank 
failures of the treatment. 

The advantages of radioiodine over 
other methods of treatment of hyper- 
thvroidism have been summarized }y 


several ag 
follows: 1. The material is given as 
single odorless 
tasteless material. It is taken by mouth 
in a small glass of water by the aml 
lant patient without the necessity 
frequent follow-ups or laboratory work 
2. No fatalities have been direc' 
attributable to the treatment. 


3. Radiation sickness is infreque 


dose of a_ colorless 


4. All the disadvantages of opt 
tion—mortalitv. morbidity, cost. 
post-operative complications h 


been eliminated completely. 
On the other hand the present 
advantages are not inconsiderable 
1. The correct dosage has not 
been established. 

Considerable technical skill 
apparatus, with adequate protect 
of personnel, are required'**, 

3. The cytological diagnosis rem 
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unconfirmed unless the thyroid gland 
is biopsied. 

{. Other types of radiation therapy 
of hyperthyroidism have given poor 
results. 

The material has been in use a 
relatively short period of time; there 
may be unknown dangers, such as 
carcinogenesis, tumor formation, hypo- 
physeal change, or kidney damage, 
which may not appear until after many 
vears have elapsed. 

Because otf these disadvantages 
many workers at present prefer to use 
radioactive iodine for the treatment 
of hyperthyroidism only in those pa- 
tients who are 50 vears of age or over 


and who have diffuse lv 


enlarged 
glands. or in those who refuse opera- 
tion. In addition, there may be in- 
cluded carefully selected cases of 
current post-operative hyperthyroid- 
ism* and certain problem cases of 
thyrotoxicosis which fail to respond to 
antithyroid drugs or are refractory to 
other more standarized forms of treat- 
ment. 
\nrirHyrow Drucs. The initial 
imulus for the study of antithyroid 
iterials occurred in 1928 with the 
ork of Chesney, Clawson and Web- 
S who reported the production of 
perplastic goiters and lowered me- 
holism in a colony of rats used in the 
dy of syphilis and fed a diet of 
bage. Similar important early stud- 
on this probie m were conducted by 
Carrison!'4115 jn India. Subse- 
utly 4 different groups of goitro- 
s were identified: the cyanides'” 
vanates®, certain aniline deriva- 
s related to the sulfonamides?®*, 
thiourea and its 
wood® first reported the clinical use 
thiourea and thiouracil in 1943. In 
6, with VanderLaan, he? reported 
experiences with the less toxic 
pyithiouracil. Methylthiouracil has 
1 employed extensive ‘ly in Europe*”: 


29,60,1907,128 and by some in this coun- 
try'’!2") Aminothiazole has been used 
in France'® and thiobarbital received 
brief trial but because of the high 
incidence of reactions was abandoned. 
A large number of other compounds 
have been investigated in the labora- 
tory and currently iodothiouracil'?® is 
undergoing clinical evaluation, but 
thus far none is superior to either 
propylthiouracil or methylthiouracil. 

The thiourea derivatives are thera- 
peutically effective by interfering with 
the synthesis of thyroxin by the thyroid 
gland #!44.54,55,101, 162,189,145.” This results 
in a decrease of normal inhibition of 
the anterior pituitary by the thyroid, 
thus permitting augmented secretion 
of thyrotropin (TSH). 

The action of iodine in controlling 
hyperthyroidism on the other hand, 
may occur in 2 ways. There is evidence 
that iodine inactivates TSH!*3° and 
thus reduces the stimulation of the 
thyroid. Secondly, there is a homeo- 
static mechanism in which elevation 
of the plasma iodine above 20 to 35 
micrograms per 100 ce. blocks organic 
binding of iodine in the thyroid even 
though there is a surplus of iodine ac- 
cumulated in the gland#*:!50.181.182, 

For these reasons some investiga- 
are prescribing Lugol's solu- 
tion throughout therapy with  anti- 
thyroid substances, or, at least, initi- 
ating the treatment with iodine and 
then emploving it again immediately 
before operation. It has also been re- 
ported that iodine is more effective if 
a thiourea derivative has been used 
previously*! 

Propylthiourac il. The greatest clini- 
cal experience has been with pro- 
pv Ithiouracil 4,10,14,36,116, 120,123,140,146,157, 
"8.182 and with this drug the optimum 
dosage appears to be about 200 to 300 
mg. daily in divided doses at 8 hour 
intervals. If medical management is 
mandatory it is advisable to continue 
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this dosage until the euthyroid state 
has been maintained for 6 to 12 
months or until hypothyroidism super- 
venes. In preparation for surgery, the 
proper time for thyroidectomy must be 
decided on clinical grounds rather 
than by dependence upon laboratory 
procedures. 

The results of treatment with propyl- 
thiouracil are ideal when it is used 
preoperatively. On the other hand, at- 
tempts to obtain sustained remissions 
with prolonged medical therapy often 
fail*’ either because the patients be- 
come restive during the necessarily 
prolonged treatment or because re- 
lapses occur when the drug is stopped. 
The wide variation in reported sus- 
tained remissions on propvlthiouracil 
be explained by the failure to include 
in the more successful series the severe- 
ly toxic and those patients who were 
lost on the prolonged medical regi- 
men. With a few notable exceptions!” 
the general opinion is that slightlv less 
than half of the mildly thyrotoxic pa- 
tients with small goiters may be con- 
trolled with propylthiouracil, but no 
series of cases has been followed long 
enough to know whether late recur- 
rences may appear even in this select- 
ed group. Conversely it is believed that 
all severely toxic patients, those with 
nodular goiters (particularly  solitarv 
adenomas) and those with large toxic 
diffuse goiters, should be carefully and 
expeditiously prepared with propyl- 
thiouracil or methylthiouracil and have 
thvroidectomies unless there are other 
contraindications to surgery. 

Undesirable Effects of Propylthioura- 
cil. These include toxic effects, changes 
in exophthalmos, and increasing size 
of the thyroid gland. 

(a) Toxic effects. The only impor- 
tant toxic effects of the drug are granu- 
locytopenia® and drug fever. Leuko- 


penia® is relatively common in thyro- 


toxicosis and therefore only when the 
total white count drops below 4000 
and the granulocytes below 30% does it 
become necessary to stop treatment 
Even then, very cautious readminis- 

be undertaken with fr 
quent blood counts. Otherwise it is sel- 
dom necessary to have counts done 


tration may 


more often than once a month afte 
initial studies. Patients, however, must 
be cautioned to report immediately if 
fever, skin 
lvmphadenopathy — or 


sore — throat. eruption 


malaise occu 
The use of propylthiouracil following 
the previous use of thiouracil'® may 
induce agranulocytosis and there has 
been one fatality in a patient with in- 
terrupted therapy™. Apparently reinsti- 
tution of treatment demands close ob- 
servation. Other problems which have 


been — encountered” 


are hepatocellular jaundice, skin 


eruptions, edema, sialadenitis and 


pancreatitis. In experimental studies 
on rats, parathyroid hyperplasia oc- 
curred in one-fourth of the 
propvIthiouracil ther- 
apy was continued longer than 14 
production also has 
been noted following prolonged ad- 


ministration of the antithvroid drugs 


about 
animals when 


months 


to these laboratory animals, but has not 
been observed in 
(b) Increasing exophthalmos. Con- 
tary to previous 
experimental work*? 
that the anterior pituitary thyrotropic 


recent suggests 
produc 
exophthalmos and that thyroidectom 
does not aggravate exophthalmos. The 
authors’ clinical experience is in accord 
with this idea. For there has been a 
consistent 


hormone per se does not 


increase in exophthalms 
during propylthiouracil therapy in a 


significant number of 


cases, and 
further increase or an actual decre 
following 
Jetferies*? 


exophthalmos is not 


observed 
roidectomy'™*. If, as 
lieves, 


has been 
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trolled by the hormone 


thyrotropic 
but is under the influence of another 
anterior pituitary factor, it is not quite 


clear why thyroidectomy tends to 
check the progression of e xophth: almos. 
In any event it has been of value to 
observe patients carefully for evidence 
of increasing exophthalmos while on 
propylthiour: acil, and, when it occurs, 
to undertake thyroidectomy at the 
earliest possible time following ade- 
quate preoperative preparation. The re- 
sults of operation have proved to be 
encouraging'™® despite reports of 
that exophthalmos usu- 
ally increases following thyroidectomy. 
Increasing size of goiter. The 
effect of the thiourea de- 
rivatives’ was of the first observa- 
tions made in the experimental study of 


very 


goitrogenic 


one 


these drugs®**. Clinically, this goitro- 
genic effect is seldom observed, but 
when it does occur, operation should 


be performed as soon as the BMR can 
be brought down to normal. We have 
recently taken care of 2 patients who 
had 
of the thyroid while on propylthioura- 
cil, and who were at the same time 
resistant to its antithyroid effects, so 
that doses up to 900 mg. daily failed to 
lower the BMR. One of these patients 
was radioiodine. to control the 
thyrotoxicosis and subsequently was 
operated upon successfully. Studies 
suggesting that estrogens®' and_ bis- 
muth salts'™! may control the size of 
the thyroid under these circumstances 
have not been verified. 
Although Kocher! 
‘was the real pioneer in thyroid sur- 
gery, many others have contributed 
to its deve ‘lopment. Shortly after the 
tun of the century, Halsted** reported 
a echnique for subtotal thv roidectomy 
w ich differs little from the operation 
formed today. Crile****, Lahey": 
$,95,99 and othe 30,46 ,66,76, 109, 150 
h: -e further perfected the procedure 
so that complications such as_recur- 


a tremendous increase in the size 


given 
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rent nerve paralysis, hemorrhage and 
parathyroid tetany seldom are ob- 


served after ope ration®*, Post- -operative 
recurrence of hype srthy roidism as a 
rule is due to removal of an inade- 
quate amount of the thyroid gland, 
and does not often occur, Extirpation 
of the entire isthmus and of all but a 
small shell of the posterior part of 
each lateral lobe will result in a low 
recurrence rate, usually around 5%. 
The occasional case of post-operative 
hypothyroidism is easily managed by 
the administration of dessicated thy- 
roid. Hertzler?! and Scott'®? have ad- 
vocated total thyroidectomy in all 
cases of toxic goiter, but other authori- 
ties agree that total thyroidectomy in- 
variably results in myxedema. 

Technical advances in recent years 
have not been of great significance. 
Lahey"** prefers to divide the pre- 
thyroid muscles for adequate expos- 
ure and he attempts to visualize and 
protect the recurrent nerves in every 
feel that these measures and precau- 
tions are not necessary. 

Prior to 1943 thyroidectomy for toxic 
goiter carried a mortality of from 1 to 
4% in good hands*****', even though 
multiple stage operations were per- 
formed in the poor risk cases'®. This 
is explained on the basis that preoper- 
ative iodine therapy was effective only 
for a matter of a few weeks during 
which time many patients could not 
be brought sufficiently under control 
for safe operation. 

The antithyroid drugs have changed 
this picture comple tely. Propylthioura- 
cil will convert the severely toxic pa- 
tient to a non-toxic patie nt®’, and can 
be used for any desired length of time, 
so that cardiac or other complications 
may be more readily controlled. Opera- 
tion for toxic goiter, thus, at long last 
becomes a truly elective procedure 
and the oper rative mortality has de- 
creased to an almost irreducible mini- 
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mum, certainly less than 
In a recent small series of our own 
there operative 
Post-operative thyroid storm 
has been eliminated and multiple stage 
operations are no longer necessary. 


cases! were no 


deaths. 


Since the thiourea derivatives cause 
further hyperplasia of the thyroid, pro- 
ducing a soft, friable, bleeding gland, 
iodine is given, as it has been in the 
past, to involute the gland preopera- 
tively. We agree with 
that it should be given for at least 3 
weeks before operation. After this time 
the operation is usually easy techni- 
cally because the gland is firm and less 
vascular. 

Anesthesia. Individual 


preferences 
for anesthesia in 


thyroidectomies vary 
considerably, but all agree that the 
maintenance of a clear airway to in- 
sure an adequate continuous supply of 
oxygen is of the greatest importance in 
operations on the hyperthyroid pa- 
Our personal feeling 
is that this is most satisfactorily accom- 
plished by the use of general anesthesia 
with tracheal intubation. The following 
technique, which has been outlined by 
Dr. Ivan Taylor of the de ‘partment of 
Anesthesia at the Wayne University 
College of Medicine™, 
very satisfactory. 


has been found 
Induction per- 
formed with pentothal sodium and 
curare supplemented by topical anes- 
thesia of the larynx. Intubation of the 
trachea is then done and is followed 
by nitrous oxide-oxygen 
Recently, 


-anesthesia. 
continuous intravenous drip 
of 1% procaine hydrochloride at a rate 
of about 40 mg. (4 cc.) per minute 
also has been used. The procaine is 
only an adjunct but supplements the 
anesthesia enough to permit comple- 
tion of the operation with nitrous oxide 
and oxygen. In addition, the procaine 
seems to depress the cough reflex, gives 
analgesia for from 30 minutes to several 
hours post-operatively, and keeps the 
patient quiet with no retching or 


excitement. Thus, with this techniqu 
one can expect rapid recovery trom th 
nitrous oxide, so that patients are usu 
ally mentally clear in 5 to 15 minute 
after operation but do not experienc 
any pain for several hours. 
PSYCHOTHERAPY OF THYROTOXICOSIS 


Although 


toxicosis has been 


psychotherapy of thvro 
attempted from 
time to time, there are no recent con 
vincing reports of success in this field 
With re 
no authenticated case of hyperthyroid 
ism occurring during World War I! 
related to 
This idea is at variance with 


gard to etiology, it is said that 


was directly psychic 
trauma’. 
the previously held 


psvchic factors were 


opinion'** that 
important in th 
pathogenesis of thyrotoxicosis. Which 
ever view is correct, it seems reason 
able to recognize the fact that hyper 
thyroid patients do present 
psvchosomatic 


certain 
problems'*! and that 
these en merit careful considera 
tion and appropri: ate treatment. 
MyxXepEMA. Myx 
thvrotoxicum 
has recently been studied in some ci 
The 
localized myxedema 
anterolateral surface of the legs, has 


dema circumscriptum 
occurrence of 
usually thi 
been reported in 3% of one series ot 
of hyperthyroidism". It is 
said to occur as a rule following th 


130 cases 


roidectomy and it is often associated 
with progressive exophthalmos. Tl 
augmented secretion of anterior pitui 
tary thyrotropic hormone following 1 

moval of the inhibitory mechanism |) 
thyroidectomy is propose by some 
the cause of both conditions®?. Treat 
ment, which is not very sutiebarton 

has included thvro 

Lugol's solution, 


desiccated 
and estrogens. 
THYROTOXICOSIS IN PREGNANCY. 1 
management of hyperthyroidism in t « 
gravid patient has been well summ 
ized by Means, who has stated that it 
is the thvrotoxicosis and not the pl 
nancy which should be interrupted 
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Since the fetal thyroid begins to 
develop and becomes functional at 
ibout the I4th week of pregnancy it 
would seem wise to avoid the use of 
antithyroid drugs and radioiodine after 
that time, since both substances are 
( ipable of passing the placental bar- 
However, several investiga- 
S176 have continued 
such therapy throughout pregnancy. 


tors! 


No ill effects were reported in one in- 
fant followed for 16 months after the 
use of propylthiouracil** nor in another 
followed for 18 months after radio- 
iodine was given to the mother?*®, On 
the other hand histological studies of 
fetal thyroid following the administra- 
tion of thiourea derivatives to the 
mother have shown hyperplastic acini 
which look much like the picture of 
Grave’s disease in the adult#®57, 
Until further and more complete 
studies ot these effects are available, it 
would seem wise to treat the hyper- 
thvroid pregnant patient with iodine 
id subtotal thyroidectomy. 
THYROTOXICOSIS IN CHILDREN. Hyper- 
thvroidism is rare in children and ex- 
tremely rare in 
when it does occur, is a serious and 
Because of this, 
pper'®® prefers to treat such cases 
medically, using iodine, rest, sedation 
and vitamins. She reports 6 of 8 pa- 
tients so treated cured, 1 lost to follow 
up and | dead of unrelated causes. 
Olesen and Schiodt also prefer medical 
therapy'**. Other workers, including 
Bartels’, Jackson*', Crile*’ and Ken- 
nedy*? report excellent results follow- 
Ing operation, and point out that care- 
preoperative preparation — with 
propyithiouracil has reduced sur- 
gcal risk to a very low figure, just a 
it has done in the adult. 
Conclusions. The current literature 
0) the treatment of hyperthyroidism 
h s been reviewed in an effort to assess 
t © value of newer methods of therapy, 
p rticularly propylthiouracil and radio- 


dangerous disease. 


active iodine. The following conclu- 
sions are based partly on this review 
and partly on the personal experience 
of the authors. 

1. Subtotal thyroidectomy remains 
the treatment of choice for patients 
suffering from hyperthyroidism. 

2. Mild cases may be prepared sat- 
istactorily with iodine for 10 days to 
2 weeks preceding operation. 

3. Severely toxic patients and those 
with complications should be treated 
with propylthiouracil long enough to 
eliminate toxicity or to permit. satis- 
factory control of complications. 
lodine then may be given for 3 weeks 
and operation performed with no 
greater risk than in the initially mild 
cases. 

4. Non-operative treatment of hy- 
perthyroidism is still undergoing eval- 
uation. 

(a) Prolonged treatment with anti- 
thyroid drugs is rarely justifiable. The 
mildly toxic patient with a small dif- 
fuse ‘ly enlarged thyroid may be treated 
in this way but the chance of perma- 
nent cure is small. 

(b) Radioactive iodine offers great 
promise in the treatment of hyperthy- 
roidism, but until the dosage can be 
estimated more accurately, and until 
the problem of late deleterious effects 
has been resolved, this method of 
treatment should be limited to patients 
of advanced age or others in whom 
surgery is contraindicated. 

These concepts are in accord with 
those of Ravdin, Rose and Maxwell'** 
who have had an extensive personal 
experience in dealing with hyperthy- 
roid patients. 

Finally, it must be emphasized that 
there is no truly physiological treat- 
ment for hype thvroidism available to- 
dav. However, the search for such a 
rational form of therapy must continue 
and the newer methods of study of 
thyroid function and disease make 
probable its eventual discovery. 
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fue abnormal movements of the 
eves which are designated “nystagmus” 

re observed rather freque “tly, They 
are of many different types and are 
seen in many varying conditions. As 
vet, there is no universally accepted 
classification, terminology or clinical in- 
terpretation of these abnormal move- 
ments. The purpose of this article is to 
describe some forms of nvstagmus 
which are commonly encountered in 
medical practice and to discuss their 
mechanisms and _ significance. 

Nvstagmus consists of rhvthmic 
ilternating tremor of the eves. This 
tremor appears in various positions of 
gaze, especially the lateral, and usually 
shows a slow and a fast or quick com- 
ponent, the slow motion being follow- 
ed regularly and rhythmically by a fast 
motion in the opposite direction. The 
diction of the nystagmus is designated 
by the direction of the fast component; 
this, if the fast component is to the 
ricit, the nystagmus is described 
n\stagmus to the right”. The tremor 
ofen has a frequency of about 2 to 3 
pcr second, but varies markedly in rate. 
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Although spontaneous nystagmus may 
be seen in normal individuals, it is 
more frequently a sign of ocular or 
svstemic disease!*. 
‘In the examination for nystagmus, 
the patient fixes his gaze on the 
examiner's finger which is held 45 de- 
grees to the left, then to the right, then 
above, then below the patient's eves for 
a few seconds at a time. The patient 
is then instructed to stare directly for- 
ward, since nystagmus may be seen in 
this position of the eves in disease of the 
brain stem. If nystagmus is suspected 
but not readily apparent. observation 
of a blood vessel in the conjunctiva is 
helpful. On studying the optic disc 
with the ophthalmoscope, nystagmus 
on direct forward gaze is more easily 
seen, since the disc and its motion be- 
come magnified by approximately 6 
times. Convex lenses of 4 to 20 diopters 
held before the patient’s eyes will both 
diminish fixation and render nystagmus 
more apparent in any position of gaze. 
Laboratory techniques for observing 
nvstagmus include motion _ picture 
study, the use of the brain wave appa- 
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ratus*’, the use of the corneal micro- 


scope or slit lamp and direct recording 


of motions of the eye by attachment ot 

1 _kymograph lever to an anesthetised 
area of the cornea. 

ASSOCIATED PHENOMENA. Various sub- 
jective symptoms may 
nystagmus; 
illusion in 


accompany 
oscillopsia, or the visual 
which stationary objects 
Oscillopsia ac- 


companies nysti of recent origin. 


seem to move, is one* 


The visual sensation of movement is in 
the same direction as the nystagmus. 
Blurring of vision is also noted and, 
rarely, a patient complains of distor- 
tion in the form of objects‘. Vertigo 
and nausea accompanying nystagmus 
are well known. Some persons are able 
to report the onset of their own nystag- 
mus and accurately estimate the 
changes in amplitude of the move- 
ments~” 

Objective findings of many sorts may 
accompany nystagmus. The pe atient 
may fall to either side or in an antero- 
posterior direction, or may merely lose 
his balance. Past pointing and other 
signs of cerebellar dysfunction are en- 
countered more often than are auto- 
nomic phenomena such as sweating, 
pallor and fall blood pressure**, A 
comparable tremor of other parts of 
the body may accompany nystagmus. 
In the syndrome of myoclonus of the 
palate, there may be nystagmus, a 
tremor of facial muscles and a tremor 
of the palate, with all movements oc- 
curring at the same frequency?*. The 
tremor of the palate is occasionally re- 
ferred to.as “palatal nystagmus”®. In 
hereditary familial tremor, nystagmus 
may accompany tremor of the extremi- 
ties! 

CLASSIFICATION OF NYSTAGMUS. 
Classification of nystagmus may be 

made from many different points of 
view. In pendular nysti 1gmus the oscil- 
lations in either direction are approxi- 
mately equal in rate while in jerk 
ny stagmus the oscillations differ mark- 


MEDICAL SCIENCE 


edly in rate, there being a fast or quick 
and a slow component. In nystagmus 
of the Ist degree, nystagmus appears 
only on conjugate gaze to the side of 
the quick component; in nystagmus of 
wrt 2nd degree, there is nystagmus on 
gaze toward the side of the quick com- 
eel and on direct forward gaze as 
well; and i 3rd _ de- 
gree, there is nystagmus on direct for- 
ward 


n nystagmus of the 


gaze and on gaze toward the side 
of both the quick and slow components. 
On the basis of etiology, nystagmus 
may be classified as neurogenic, laby- 
rinthine, and ocular. A more elaborate 
classification is that of de Jong**: 

A. INpucepD NystacMus. 1. Optoki- 
netic; 2. Labyrinthine: a, rotational: 
caloric; ¢, galvanic; d, compression; 3 
Reflex acoustic; 4. 
Chemical and toxic. 

B. ParHoLtocic Nystacmus. Ocu- 
lar: a, optic deviation; b, occupational 
reflex: 1) With 
eli disease of the eve; 2) Neuro- 
muscular: a) paretic; b) fatigue; « 
eccentric fixation; d) latent nystagmus 
2. Nystagmus due to disorder of 
ters controlling ocular movement and 
equilibrium: a, vestibular nucleus; b 
cerebellum: c, oculogyri: 
areas; d, cervical spinal cord; 3. Mis- 
cellaneous: Toxic, congenital, 
tary, and hysterical. 

It should be noted that the author of 
an extensive classification of nystagmus 
states that 
mus is open to criticism as it must be 
somewhat arbitrary and subject to ex- 
ceptions 

Types or Nystracmus. Uniocu/ar 
nystagmus. Nystagmus is usually pres- 
ent in both eves at once, but it may 
appear in one eye only, although both 
eyes be uncovered. This uniocular nvs- 
tagmus appears in tetany of the n¢ 
born’, in multiple sclerosis, in 
tal facial hemiatrophy"!, and in sp.s- 
mus nutans. Spasmus nutans is seen in 


infants under 2 years of age; it is 


Reflex sensory: 5 


spasmus nutans; d, 


cerebral 
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characterized by a tremor in which the 
head rotates upon the neck while the 
eyes look forward in the antero-pos- 
terior axis of the body, and by pendu- 
lar nystagmus which may be uniocular 
and usui ully is of different grade in the 
two eves. These signs usually dis- 
appear by the age of 3**. Uniocular 
nysti Lemus is also said to occur in ap 
eve with optic nerve atrophy**. 

Latent nystagmus may appear only 
when one or both eyes are covered. 
This usually accompanies poor visual 
acuity in one both eyes. In latent 
nystagmus, covering one eye produces 
nystagmus in both eyes, only excep- 
tional cases showing uniocular nystag- 
mus. Latent my stagmus becomes mani: 
fest on rendering unequal either the 
brightness or the distinctness of the 
visual image in the two eyes!!. Some 
varieties of nystagmus persist when the 
eves are voluntarily closed. The tremor 
of the eves may then be seen and pal- 
pated through the closed lids, and even 
heard through the bell of a stetho- 
scope! 25 

Positional, nystagmus occurs with 
changes in position of the entire body, 
or of the position of the head upon the 
neck®*, In tumors of the posterior in- 
tracranial fossa, tilting the head back 
may produce headache, vertigo, and 
nystagmus. Parasites floating free in 
the fourth ventricle may also cause this 
rather rare response to retraction of the 
head’. In some cases of postural ver- 
tivo, if the individual lies back quickly 
with his head turned toward one shoul- 
der, usually the right, true vertigo and 
mixed rotary and vertical nystagmus of 
vestibular type will develop. In ani- 
mals, positional nystagmus occurred 
after cauterization of the midportion 
of the cerebellum?*. 

‘he pattern of movements of the 
e\ $ may varv greatly. Nystagmus may 
be horizontal, or vertical or oblique, 
tl eyes may rotate in clockwise or 
co interclockwise fashion, or the nys- 


tagmus may be a mixture of many 
combinations of these directions. The 
movements of the two eyes may be 
essentially similar (conjugate nystag- 
mus) or may differ (dysconjugate nys- 
tagmus). There may be recurrent con- 
vergence or divergence spasms, some- 
times called convergent and divergent 
nystagmus; or disjunctive nystagmus; 
or repetitive retraction of the eyes, 
described as retractory nystagmus**. In 
another form of disjunctive nystagmus, 
“see-saw nystagmus, one eye goes up 
while the other goes down** 

Paroxysmal nystagmus is not uncom- 
mon. One of us recently observed a girl 
of 13 with a three month history of 
petit mal epilepsy, who on being made 
to overbreathe would have an attack 
of unconsciousness associated with fast 
upward nystagmus for four or five sec- 
onds. In grand mal epilepsy, sustained 
deviation of the eyes to one side, or 
nysti igmoid movements, may be a fea- 
ture of the attack. The syndrome ol 
“migraine otique’, characterized by 
headache, vertigo, tinnitus, visual field 
defects and nystagmus, may come in 
paroxysms*. Nystagmus may accom- 
pany ‘possible vasospasm of the brain 
stem as was postulated in the follow- 
ing case: a 26 year old physician who 
is quite he althy except for recurrent 
attacks of diarrhea which follow in- 
gestion of tuna fish, ate some pickled 
herring of excellent flavor but of un- 
known quality. Within 30 minutes he 
had diarrhea, projectile vomiting and 
rotary nystagmus as he looked directly 
forward. There was rotary oscillopsia, 
in which buildings seemed to tip slow- 
ly to the right and rapidly return to the 
vertical position. He staggered to the 
right. He was able to retain a tablet of 
nicotinic acid, 100 mg., and_ shortly 
noted flushing of the face. The nystag- 
mus and oscillopsia ceased immedi- 
ately; the bowel symptoms  disap- 
peared within an hour. 

In an individual subject with nys- 
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tagmus, the Inovements vary trom time 
to time without artificial] stimulation. 
Persons with idiopathic congenital nys- 
tagmus show a decrease in the ampli- 
tude of the tremor when they are in 
a state of relaxation: with excitement 
the tremor becomes more apparent. In 
most cases, closing the eves abolishes 
the nystagmus. If, however. it persists 
with the eves closed, sleep may put an 
end to the movements. Just as other 
bodily phenomena fluctuate in intensity 
and quality, nystagmus fluctuates from 
dav to day, even to the point of disap- 
pearance, 

NYSTAGMUS WITHOUT Osvious Dts- 
EASE. Nystagmus is seen in normal per- 
sons. Tiny movements of the €ves, too 
small to be seen without magnification. 
are part of the normal process of visual 
fixation’’, So-called “fixation nystag- 
mus” is caused by fixing the eves in- 
tently on some object at rest. It is in- 
voluntary. Nvstagmus which appears 
when the gaze is directed far to one 
side or the other. so that both eves ean- 
not fixate the same object at once. is 
seen in clinically normal subjects. This 
mav be called physiologic neuromus- 
cular nystagmus. ‘Congenital nvstag- 
mus, present since birth in those who 
are otherwise well, is not uncommon. 
Familial hereditary nystagmus is a rela- 
tively rare condition in which the 
movements appear at birth or shorth 
thereafter, It is sex-linked and is found 
usually only in males. In some families. 
however, the females also have nys- 
tagmus*”. The general health of all 
members of the family is good! 38 

Voluntary 


nystagmus is a medical 
curiosity in which an individual can 
cause the eves to make extremely rapid 
and fine oscillations at will. These move- 
ments are pendular in type and tetanic 
in nature!!, A striking instance of this 
phenomenon was seen in a physician 
whose vision fell from 20/20 to less 
than 5/200 in both eves during the 
voluntary nystagmus. Hysterical nys- 
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tagmus, in the absence of organic dis 
ease of the brain, labyrinths or eyes. js 
extremely rare. 

INDUCED NysTacatus. Nystagmus may 
be induced by physical methods 
normal subjects. Optokinetic hystag 
mus (“picket fence nystagmus’, “rail 
Way nystagmus” or “train nystagmus 
is produced experimentally by rotating 
a striped drum before the eves. A lar 
lampshade or open cylinder about 24 
inches in diameter. painted both insick 
and out with alternate black and whit 
stripes, has been used. The drum is 
held a convenient distance away from 
the patient, who concentrates on. the 
drum while it is rotated at a rate of 
2 per second. However. if the patient 
cannot concentrate satisfactorily, one 
places the drum over the patient's head 
and rotates it in this position. This lat- 
ter maneuver has resulted in nystagmus 
in most patients tested. 

Optokinetic nystagmus is said to re- 
quire However 
optokinetic nystagmus may be pro- 
duced in comatose adult patients and 
anencephalic infants*® and in animals 
or humans after removal of one or 
both cerebral hemispheres, all being 
cases in which visual attention would 
presumably be defective or absent. [1 
human subjects, defects in attention 
have been suggested as the cause of 
Various types of visual field losses! yy 
only a small part of the total vis 
field need be intact to produce nor 
optokinetic nystagmus?*. The Impor- 
tance of visual attention in optic me 
anisms has been serious), question: 
Two different forms of optokine tic 
nystagmus have been described 
ing” optokinetic nystagmus, which is 
said to require the function of th: 
occipital lobes, and “staring” opt 
netic nystagmus, said to require the 
integrity of the superior colliculi*®. At 
present, because of insufficient kno \!- 
edge of the pathways requisite for *h 
production of optokinetic nystagn 1s 


“visual attention”!'. 
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its absence in a particular case Cannot 
be considered to be of definite local- 
izing value, though it may suggest a 
lesion of the efferent visual pathways 
from the occipital lobe to the nuclei of 
the ocular muscles!! 

Rotational nystagmus follows  rotat- 
ing a subject in the revolving chair of 
Barany, usually 10 times over a period 
of 20 seconds. Caloric nystagmus is 
produced by stimulation of the laby- 
rinth, running either cool or warm 
water or alcohol vapor into one or 
both external auditory canals. A simple 
technique for caloric ‘stimulation of the 
semicircular canals consists in the irri- 
gation of one external auditory meatus 
with 100 cc. of cool water drawn from 
the tap, with the patient sitting erect. 
Galvanic nystagmus is produced by 
running a current of about 2  milli- 
between the 2 mastoid pro- 
cesses'®, These forms of induced nys- 
tagmus may also be induced in patie nts 
with pathological nystagmus, causing 
changes in the rate and direction of 
the abnormal ocular movements. In 
patients with fistulous disease of the 
middle ear compression of the air col- 
umn within the external auditory 
meatus may produce nystagmus*?. 

NysTAGMuS IN DISEASE OF THE CEN- 
iRAL NERVOUS SYSTEM. Nystagmus is 
1 feature of many diseases involving 
the central nervous system. Lesions as- 
sociated with nystagmus are seen in 

brain stem in general and in the 
niddle portion of the medulla in par- 
ticular, principally in the zone between 
the vestibular and the oculomotor 
nuclei?®. Involvement of the tracts 

hich enter the vestibular nuclei is a 
ommon finding. Lesions of the cervi- 

il spinal cord*®, of the midline portion 
f the under surface of the cerebellum, 
ud of the adversive eve fields of the 
cerebral hemispheres (in the middle 

ontal gyrus, temporal and occipital 

thes) have all been found**, 

The physiologic mechanism by which 


these lesions cause ny stagmus has not 
yet been settled. It is known that the 
2 vestibular nuclei are in steady tonic 
equilibrium, each nucleus tending to 
turn the head and eyes toward the 
opposite side**", Synergistic relation- 
sup between the prefrontal adversive 
areas and the cervical spinal cord have 
been found necessary to produce con- 
jugate eye moveme nt!’. The slow com- 
ponent of nystagmus has been shown 
to follow derangement of the vestibular 
nucleus, and evidence has been ad- 
duced to show that the mechanisms for 
production of the fast component orig- 
inates in this structure, or in the reticu- 
lar substance of the medulla**. In per- 
sons who have been blind since birth, 
the fast phase is not prominent. 
Nystagmus persists for long periods 
after cessation of a nystagmogenic 
stimulus**. The concept of a reverberat- 
ing neuronal circuit has been proposed 
to explain the persistence of the antee- 
nating movements in nystagmus**: 
Peripheral ne ‘uromuscular me on 
nisms which are involved in eye move- 
ments differ from mechanisms of move- 
ment found elsewhere in the body. 
Proprioceptive sense is absent in the 
human eye'!. Antagonistic muscles of 
the eve relax vleen agonists contract, 
just as in other muscles of the body. 
Stretching of an extraocular muscle 
will, however, produce nystagmus**, 
while stretching of a muscle in an ex- 
tremity produces a single set of move- 
ments, similar to the patellar tendon 
reflex. Microscopic examination con- 
fined to the bellies of extraocular mus- 
cles has led to the belief that the 
human being has no muscle spindles in 
these muscles, but recent study of their 
insertions reveals the presence of char- 
acteristic muscle spindles. Their muscle 
bundles are small and they possess a 
relatively small number of neuromuscu- 
lar spindles which are the afferent end 
organs concerned in stretch reflexes’ 
However, grapelike endings of proprio- 
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ceptive afferent nerves (“terminaisons 
en grappe ) are readily 
ocular muscles**, 


y found in the 
These latter struc- 
tures have their central neuronal con- 
nections in the region of the oculo- 
motor nuclei!", 

Among the neurological diseases in 
whrich seen, multiple 
sclerosis takes a prominent place. Al- 
though many signs and symptoms of 
multiple sclerosis are subject to remis- 
and 


nystagmus is 


sion exacerbation, nystagmus in 
this disease seldom disappears. The 
nystagmus tends to be unevenly con- 
jugate or dissociated; that is, on lateral 
gaze, there is a difference in amplitude 
of nystagmus in the two eyes. The ab- 
ducting eye may show coarse nystag- 
mus while the adducting eye shows 
internal rectus weakness®. Fried- 
reich’s ataxia, often a 
prominent feature of the clinical pic- 
ture. We have studied a patient with 
this latter disease who showed nystag- 
mus which alternated spontaneously 
from one side to another for over a 
vear of 


nystagmus is 


observation?®. Nystagmus ap- 
pears in the neuropathies and in 
svringobulbia. 

In nystagmus due to disease of the 
central nervous system, the direction of 
the fast component usually changes 
with the direction of gaze. The inten- 
sity and duration of nystagmus is of 
lateralizing value in neurological diag- 
nosis. The lesion is generally on the 
side toward which the amplitude is 
the greater. Vertical nystagmus indi- 
cates the presence of disease of the 
brain stem. Nystagmus due to disease 
of the brain generally shows a fast and 
slow component, but tremors of the 
extremities due to cerebral causes are 
usually pendular in pattern. 

LABYRINTHINE NysTaGMus. Disease 
of the labyrinths can produce nystag- 
mus for a short period of time. After 
destruction of one labyrinth, nystagmus 
to the opposite side appears and per- 
sists for 2 or 3 days; it usually disap- 
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pears within a week*!. Associated with 
labyrinthine nystagmus there may be 
other signs such as tinnitus, falling, 
failure of the aflected 
labyrinth to respond to stimulation. In 
labyrinthine nystagmus, the direction 
of the fast component does not change 


deatness and 


with change in the direction of gaze. 

The study of induced labyrinthine 
uystagmus is of value in the diagnosis 
of lesions of the 8th nerve and of the 
labyrinthine system. In health, the du- 
ration and intensity of induced nystag- 
mus to the left and right are equal, 
Inability to elicit nystagmus by. stimu- 
lation of the labyrinth on one side 
(“sign of a dead labyrinth”) is of lo- 
calizing value in diagnosis. In tumors 
of the cerebellopontine angle, the func 
tion of the horizontal semicircular canal 
on the affected side is lost, as is func- 
tion of the vertical canal of the oppo- 
site side”. 

The labyrinths are not essential for 
the production of nystagmus. On sec- 
tion of the eighth cranial nerve, the 
head and eves turn toward the affected 
side nystagmus the 
opposite side. These signs generally 
disappear after a week. If the othe: 
eighth nerve is sectioned after this pe 
riod, turning of the head and eves as 
well as the nystagmus reappear, but all 
are in reverse directions to those of the 
previous experiment. This nystagmus 
persists for 2 or 3 davs when both 
labyrinths are thus cut off from func 
tional communication with brai: 
stem. Extirpation of one labvrinth and 
then the other, produces similar results 
Galvanic nvstagmus can be produced 
in an animal without labvrinths*!. 

Ocutar Nystacmus. In ocular o 
“searching” nystagmus. the movement 


and there is 


of the eves are pendular in type. Th 
eyes wander slowly to and fro, the e 
cursion to each direction being appro» 
imately equal in rate, although tl 
excursions vary greatly in rate in ind 
vidual cases. This type of nystagm 
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s associated with poor fixation of an 
optical image upon the macula. It is 
een in individuals with extremely poor 
isual acuity, albinism, aniridia, severe 
stigmatism, deficient color vision, and 
occasionally with severe photophobia. 
\liner's nystagmus appears when the 
amount of light at the coal face falls 
below 0.4 toot candles, a condition 
which is not found in this country*. 
Weakness of the extraocular muscles 
» freque ‘ntly given as a cause of nys- 
Such weakness is present in 
myasthenia gravis, producing ptosis, 
diplopia and squint. Yet in untreated 
and treated patients with myasthenia 
gravis we have not been able to elicit 
nystagmus on voluntary gaze in any 


tagmus' 


+ 


direction. In 3 untreated mvasthenics 
recently observed, nystagmus in the 
horizontal and vertical planes was pro- 
duced by means of optokinetic 
drum. This nystagmus continu- 
ously induced over a 2 minute period, 
at the end of which there was some 
diminution in amplitude and evenness 
of ocular excursion, suggesting ocular 
fatigue. The patients then fixated the 
examiner's finger in lateral and vertical 
positions. Nystagmus did not appear. It 
is clear, then, that weakness of the 
extraocular muscles did not cause nys- 
tagmus. Furthermore, in patients ex- 
hibiting weakness of various extraocu- 
lar muscles due to lesions of the extra 
edullary portion of the third intra- 
cranial nerve, nystagmus is usually not 
en. 
Nystagmus has been considered a 
mmpensatory movement pattern, but 
tually makes the vision worse!. In 
neral, the duration of different types 
pathologic nystagmus is as follows: 
ular nystagmus persists for years or 
e; neurogenic nystagmus lasts for 
onths or years; and labyrinthine nvs- 
t gmus for days or wee ‘ks31, 


Nysracmus Due to Drvucs. The: 


crugs which cause nystagmus most 
©ommonly are the barbiturates. Amo- 


barbital, pentobarbital, and phenobar- 
bital when taken by mouth in large 
doses produce nystagmus. If the 
amount of drug has been sufficient to 
result in coma, as in an attempt at 
suicide, nysti igmus is usually present. 
Much smaller of barbiturates are 
required to produce nystagmus when 
they are given by vein. The speed of 
the injection is a factor in that slow 
injection is less likely to produce the 
ocular movements. Intramuscular in- 
jection is intermediate in effectiveness 
between oral and intravenous admin- 
istration. When giving pentobarbital or 
amobarbital intravenously at the slow 
rate often used in psychiatric inter- 
views (0.1 gm. per minute) nystagmus 
appears in most persons after js 
0.2 gm. have been injected. By the oral 
or intramuscular route 1.0 gm. is often 
required. Nystagmus on lateral gaze 
appears first, with smaller doses of the 
drug, and disappears last. Nvstagmus 
on vertical gaze requires larger 
amounts of drug and disappears earlier. 
Before nystagmus on direct forward 
gaze takes place, massive dosage must 
be administered, resulting uncon- 
sciousness. 

Yet in patients who have nystagmus 
on direct forward gaze from many 
causes besides drug intoxication, small 
amounts of barbiturates by vein will 
abolish the nystagmus. As little as 0.1 
gm. of sodium amobarbital abolished 
the nystagmus for a brief period in a 
patient with congenital nvstagmus, 
while a smaller dose gave the same 
result in a patient with alcoholic en- 
cephaloneuropathy. The reason for this 
is unknown. The visual acuity improves 
when the nystagmus is abolished by 
any mechanism. 

Another drug which produces nys- 
tagmus is ethyl alcohol. Acute and 
moderately heavy intoxication with al- 
cohol, whether given by mouth or in- 
travenously, is associated with nystag- 
mus. Chronic alcoholism, when accom- 
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panied by signs of diffuse disorder in 
the nervous 
tremens, 


system, as in delirium 
may present nystagmus as 
part of the clinical picture**. It is inter- 
esting to note that 2 alcoholic patients 
with encephalopathy and vertical nys- 
tagmus on direct forward gaze com- 
pletely lost this nystagmus for a briet 
period when alcohol was administered. 

Hydantoinates (e. g., dilantin). so 
often used in the treatment. of epi- 
lepsy, can produce nystagmus. In hy- 
dantoin intoxication, nystagmus often 
appears as the first sign of intoxication. 
This is in contradistinction to barbitur- 
ate toxicity, in which many other clini- 
cal signs appear earlier than nystag- 
mus. In the treatment of epilepsy, both 
barbiturates and hydantoins are com- 
bined to good effect. but insofar as 
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nystagmus is concerned, we have not 
observed a svnergistic effect involving 
the 2 drugs. The appearance of nystag- 
mus during treatment of epilepsy with 
these drugs does not call for their 
withdrawal. 

Curare in small doses (20 to 40 units 
intravenously ) will produce nystagmus 
With 


(above 60 units intravenously ) 


on lateral gaze. larger doses 
hystag- 
mus on vertical gaze appears, followed 
by ptosis, flattening of the facies and 
complete paralysis of the movements of 
the eyeballs. Although intravenous in- 
jection of 


mephanésin, Sy nthetic 


curare-like (tolserol, oranixon 


results in nystagmus. oral administra 
tion of this drug in dosage up to 3 gm 


daily did not produce this effect#. 
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BOOK REVIEWS AND NOTICES 


THe 1949 Year Book or GENERAL SURGERY. 
Edited by Evarrs A. Granam, M.D. Pp. 
707; 216 ills. Chicago: Year Book Publishers, 
1950. Price, $4.75 

luis volume is a collection of synopses of 
selected papers published in the field of gen- 
eral surgery during the period August, 1948, 
to July, 1949. The synopses maintain a high 
standard in that they are brief, clearly writ- 
ten and, above all, factual. The volume 
affords much of the same saving in time that 
does reading the summary and conclusions of 
a series of scientific papers. It goes bevond 
this, however, in containing only papers 
which are regarded as of substantial value 
Thus many papers are omitted from consider 
ation entirely. It also has the advantage of a 
valuable index which permits the reader to 
find and assimilate an outline of recorded 
progress On most subjects of surgical interest 
within a very few minutes 

The reader of any synopsis must, of course, 
realize that the original paper has to be con 
sulted wherever it is essential for him to 
form an independent critical judgement of 
the worth of the contribution. This is one of 
the best of the Year Book series and should 
be a valuable aid to all who use it with this 
unavoidable limitation in mind. J. R 


THe Cytro.tocic Diacnosis or CANcER. By 
the StTaFF OF THE VINCENT MEMORIAI 
LABORATORY, Boston. Pp. 229: 153 ills.; 30 
color plates Phila.: W. B. Saunders. 1950 
Price, $6.50 

THis manual should be greeted with en- 
thusiasm by all those interested in diagnosing 
cancer by the cytologic method. It presents 
in a detailed and systematic manner. copi 
ously illustrated, the criteria that identify the 
various cells, including cancer cells, encoun 
tered in smears of vaginal secretions. sputum, 
gastric washings, urine, and exudates from 
the serous cavities. The lack of sharpness of 
many of the high-power photomicrographs 
is well offset by the technique of illustrating 
each cell type and its variants with a high 
magnification drawing, as well as both low 
and _ high power, photomicrographs. Both 
diagnosis and cell classification may seem 
over-simplified to a pathologist, but the 
Authors’ objective of characterizing only the 
typical was, no doubt, wisely chosen. The 
manual should be most useful to the inex- 
perienced in cytology. A chapter on technique 
and a complete bibliography further enhance 


the value of the book. R. H. 


Current THerary 1950. Edited by Howarp 
F. Conn, M.D., et al Pp. 736. Phila.: W. 
B. Saunders, 1950. Price, $10.00 


THe current (2d) appearance of this book, 
under the supervision of 12 consultants and 
including 267 contributors, has maintained its 
promise of timely therapy. More conditions 
are discussed this year; the 14 sections have 
been increased by 1. Treatment and manage 
ment are usually discussed by more than 1 
contributor—the reader has a choice. One 
section, devoted to the treatment of acute 
poisoning, is well devised except for the 
omission of the modern antidotal treatment 
of cyanide poisoning The newer drugs. are 
extensively covered, although if the Editor 
were to add an additional section they could 
be appraised as a group on their indications 
limitations and future promise 

The format is unchanged, which makes the 
book easy to consult and read. This is 
achieved, however, at the expense of size and 
weight. The completeness of the index makes 
ili information readily available. There ar 
no illustrations but there are informative 
tables and charts as well as many prescrip 
tions. Here, in a single book, one will find 
up-to-date therapy and fully current progress 


Coronary CrrcuLaTion IN HEALTH AND Dis 
EASE. By Donatp E. Grecc, M.D., Chief 
Research Physician, Med. De pt., Fort Knox 
Pp. 227; 73 ills. Phila.: Lea & Febiger, 1950 
Price, $4.50. 

Tue book has chapters on cardiac anat 
omy, experimental preparations with a critic 
discussion of different types of instrument 
and the flow curves obtained, an evaluati: 
of the determinants of coronary flow, metab 
lism and work, and the coronary circulati: 


in disease. Each chapter has a well selecte 
bibliography. The text makes easy readin 
the illustrations, printing, and paper ar 
excellent. 

This volume will be invaluable for work« 
in the field and will also serve as an excell 
reference for the general medical protessi: 
It can be most highly recommended. In rece 
vears knowledge of the coronary circulati 
has advanced rapidly. The complexity of t 
techniques used has made evaluation of t 
results. difficult, even for those with so: 
knowledge of the field. Dr. Gregg, an emin 
investigator, is well qualified by pers 
experience to speak with authority. Her 
® timely and top-notch monograph by a t 
notch man W.S 
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ANATOMY 


COMPARATIVE AND PHysiOL- 
OGY OF THE Larynx. By V. E. Necus, M.S., 
F.R.C.S., King’s College Hospital, London. 
Pp. 230; 191 ills. New York: Grune & 
Stratton, 1949. Price, $6.50. 

luis book is a rearrangement and con- 
densation of a work published in 1929 under 
the title “The Mechanism of the Larynx”. 
\s such, it is a decided improvement, for 
the physical proportions of the original edi- 
tion made it far too large and heavy to be 
studied with comfort. The basic philosophy 
of this book is well expressed by the Author 
in these words: “The study of pure anatomi- 
il details would not be of the slightest 
unless the use and function of the 
various parts were sought for at the same 


interest 
time.” The larynxes of numerous species in 
the animal kingdom, including the human, 
ire described clearly in anatomy, 
physiology and evolution. A number of new 
illustrations been added, some in out- 
line, of various animals whose structures and 


terms of 


have 


habits are referred to in the text. For the 
reader who wishes to delve into the com- 
parative anatomy physiology of the 
larynx, this volume mav be regarded as 


N. F. 


definitive 


NEW BOOKS 

Sex Without Fear. By S. A. Lewin, M.D., and 
JouN Girmore, Ph.D. Pp. 121; 46 ills. New 
York: Lear Publishers, 1950. Price, $3.00. 


Biologisch - Medizinisches Taschenjahrbuch, 
1950. Begriindet von Prof. Dr. med. Voce , 
Neubearbeitet von Dr. med. Hans HaFEer 
KAMP. Pp. 512. Stuttgart, Germany: Hippo- 
krates-verlag (Marquardt), 1950. Price, D. 
M. 7.50 


he 1949 Year Book of Neurology, Psychiatry 
and Neurosurgery. Edited by RoLanp P. 
Mackay, M.D., Notan D. C. Lewts, M.D.., 
and Percivar Baitey, M.D. Pp. 668; 113 
ills. Chicago: Year Book Publishers, 1950. 
Price, $5.00 
lnus book will be to specialists in the 
fields of Neurology, Psychiatry and Neurosurgery 
more than to specialists in other fields or to gen- 
eral practitioners. As has been the case with 
Year Books in fields, it includes 
ibstracts on many of the most important contri- 
butions that made during 1949. 
W. P. 


useful 


these 


previous 


have been 


infiihrung in die Innere Medizin. Von Dr. 
Hans Jutius Univ. Gottingen. Pp. 
Georg Thieme, 
& Stratton, 


653; 73. ills. Stuttgart: 
1949 (imported by Grune 
1950). Price, $6.50. 


Epidemics in Schools. An Analysis of the Data 
Collected 1935-1939. By E. A. CHEESEMAN. 
Pp. 96. Med. Res. Council Spec. Rept. 
Series 271. London: H. M. Stationery Office, 
1950. Price, 3s. 


The General Report of the Pharmaceutical 
Survey, 1946-1949. Epwarp C. Exwiorr, 
Director. Pp. 240. Washington, D.C.: Am- 
erican Council on Education, 1950. Price, 
$6.00. 


An educational study that corresponds to similar 
national surveys undertaken by this Council in 
medicine, dentistry, law, and other professional 
fields. An unequalled amount of facts about the 
profession of pharmacy has been assembled to 
provide a basis for recommendations leading to 
the improvement of that profession. E. K. 


infrared Radiation Therapy Sources and the 
Analysis with Scanner. By Leorotp Rov- 
NER, Consulting Physicist, Cambridge, 
Mass. Pp. 34; 21 figs. Springfield, IIL: 
Charles C Thomas, 1950. Price, $1.50. 
THe purpose of this study is primarily to clarify 
the present status of coverage patterns produced 
by infrared generator equipment. Equipment is 
described that automatically plots radiation in- 
tensity against lateral distance from the axis of 
the infrared source. The mechanical and electronic 
aspects of the instrument are described in some 
detail. The physical validity of the method is dis- 
coverage patterns obtained from 
presented. E. P. 


cussed, and 10 
various infrared lamps are 


How to Stop Killing Yourself. By Peter J. 
Srerncroun, M.D. Pp. 272. New York: 
Wilfred Funk, 1950. Price, $2.95. 


The Autobiography of Wilhelm Stekel, The 
Life Story of a Pioneer Psychoanalyst. 
Edited by Emm A. Gurnem, M.D. Pp. 


293; 19 ills. New York: Liveright, 1950. 
Price, $4.00. 


Tuts is an account of the life of one of Sig- 
mund Freud's eminent disciples. As is pointed out 
in the preface, it was considerably influenced by 
Rousseau’s “Confessions”. The book tells of life 
in old Vienna and throws light upon an early 
phase of the psychoanalytic movement. Written 
during the last few years of Stekel’s life when he 
was ill, it expresses the reasons for Stekel’s ending 
his life voluntarily in London in 1940. It is a 
significant contribution and will be appreciated by 
those who are interested in this field. W.P. 


The Law of Medicine. By Parnett 
HAN, LL.B., and Justin CaLLaHan, M.D. 
Pp. 80. New York: Oceana Publications, 
1950. Price, $1.00 paper; $2.00 cloth. 

Tus brochure contains, in abstract form, a 
description of the various groupings of the medi- 
cal arts and the qualifications for the practice of 
medicine and of nursing in the various States. 
There is also a guide to the prospective doctor 
which, if followed, will help him to avoid errors 
relating to civil and criminal practice. It is a very 
handy and helpful primer for the embryo physician. 


- 
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Manual of the International Statistical Classi 
wation of Diseases, Injuries and Causes of 
Death. In 2 vols. 6th Revision adopted 
1948. Pp. 376, 524. Geneva, Switzerland 
World Health Organ. Price, $6.00 

{HIS 6th revision is the first to provide “‘a single 
st applicable to both morbidity and mortality 
tatistics; it defines the content of the individual 

categories of the Classific ation represents 
nternational agreement on a uniform method of 


selecting the main cause to be tabulated 

Che entire 2d volume is an alphabetical index of 

tl lisease listed in Vol. 1, each with its classi 
tion n t ind preceded by directions on the 


volumes 


Amusing Vuotations for Doctors and Pati nts 
Edited by Noan D. Fapri ANT, M.D Pp 
149. New York: Grune & Stratton L950 
Price. 83.00 


In this t k I have tried to gather in readabl 
t form a selection of amusing quotations 
l ng with various aspects of the medical scene 
ts sa t interests and ramifications some 
nonsense has been included deliberate], for it is 
etimes t as intriguing to detect men’s foolish 
ness as it to observe their sagacitv’” (Preface 
Phe terial, arranged alphabetically by subjects 
ranging from Accidents to Youth, is followed by a 
st f author with their dates, but no page 
numbers reterring to their quotations are included 
n th taining anthology E. Kk 


The British Ene ylopaedia of Medical Practic« 
Medical Progress, 1950. Edited by Rr. Hon 
Lorp Horper, G.C.\ Q., St. Bartholomew's 
Hospital Pp. 556. And Cumulative Supple 
ment, 1950 Pp. 481. London: Butterworth 
& Co., 1950. Price, $14.00 


Simmonds’ Disease. By R. F. |] \RQUHARSON 
M.B., F.R.C.P., Prof. of Medicine. niv. of 
foronto. Pp. 93; 5. ills Springfield, 
Charles C Thomas. 1950. Price, $2.00. 

\ brief monograph, No. 34 in the American 


Lecture Series upon extreme imsufficiency of the 
adenohypophvysi i disease that is now rccepted 
as much mmoner, and thus more important, than 


was long suspected 
Simplified Chemistry Experiments. By Ar- 
MAND JOsEPH CouRCHAINE, Instructor. in 
Biological Chemistry. Hahnemann Med 
Coll., Phila Pp. 234; 13 ills. New York 
G. P. Putnam’s Sons. 1950. Price, $2.80. 


The Physiology of Thought. By Harotp 
BaiLey, M.D Pp. 313. New York: William- 
Frederick Press, 1949. Price, $3.75 


Training for Childbirth. By Hensert THoMSs 
M.D., Prof. of Obstetrics and Gynecology, 
Yale Unix School of Med. Pp. 114; 14 ills 
New York: McGraw-Hill, 1950. Price 
$3.00. 

A lucid and sensible discussion of timely 
subject. We are glad to have printed Dr. Thoms 


artick n Natural Childbirth in this journal 219 
679, 1950 


BOOK REVIEWS AND NOTICES 


NEW EDITIONS 


Lextbook of Biochemistry. By BENJAMIN 
Harrow, Ph.D., Prof. of Chemistry. ( ity 
College of New York. 5th ed Pp. 609 
139° figs. Phila \\ B. Saunders, 1950 
Price, 56.00 

IN a field that changes month by month 
textbook can be really up to date at the time it 


is published. Nevertheles Dr. Harrow’s revision 


of his popular text and his selection of recent work 
for inclusion is an excellent whievement. Materia 
on biological antagonist micro-biok assay 
photosynthesis, antibioti ind paper chromatog 
raphy has been added The references are a we 

chosen coverage of the literature through 1949 
The important chapters on enzymes and inte: 
mediary metabolism are adequate from. the 


aspect 
of information presented, though larity has some 


times been sacrificed for y vity in the presenta 
tion of these difficult subjects. From the student 
point of view these chapters 


expanded at the ex 


could profitably by 
pense ft the le complicate 


material an respiration and foods M.B 

Medicine of the Year, 1950 Edited by Joun 
B. Youmans, M.D., Dean, School of Medi 
cine, Vanderbilt Univ Pp. 204. Phila.: ] 
B. Lippincott, 1950. Price. $5.00 


nis is the second ve that this review } 
been published The list of editors a 1 auth 

ft the reviews is IN pPressive Each section is ne 
sarily brief. even sketchy but the bibliogray 
will 1 i guide to tl king fuller informat 
or ree t t Is t t t 
E.R 


\Manual of Banda ning Strapping an 
Splinting. By Aucusrus M.D 
Assoc. in Surg., Harvard Med School. 2d 
ed. Pp. 148; 119 ills. Phila.: Lea & Feb 
ger, 1950. Price. $2.00 


Pers litth manual will 1 d bt 


ut continue t } 
useful to the student ind inter guide 
the proper application of bandages and spl 
It s simple ind direct with uncompli ited 
drawings to guide the inexperienced E.R 


Treatment in Psychiatry By Oskar Diet 
ELM, M.D.,° Prof. of Psychiatry. Corn 
Univ. Med. Coll. 2d ed Pp 574 Sprin 
field, Il Charles ( Thomas, 1950 Pric 
$8.50 

Tuts is a valuable text or reference book { 
the Psychiatrist Completely rewritten. it 
wealth of information ibout ther ips M 
cde velopments are covered whicl 
in the field since the Ist 


have ocecurr 
edition appeared 


vears W I 


A Primer for Diabetic Pati nts. By Russt 


M. Witper, M.D... Mavo Foundation 
ed. Pp. 200; 8 figs. Phila.: W B. Saunds 
1950. Price. $2 95 

The Merck Manual of Diagnosis and Thera 
Sth ed. Pp. 1592. Rahway, N ].: Merck 
Co., 1950. Price, regular ed.. $4.50: thun 
index ed., $5.00, 

“This Golden Anniversary edition exceed 


revious editions in scope.” For convenienc: 
I 


a “ready reference” it is. as usual, unexcelled 
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